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The IXoss PACER 
gives you 56 new 
solenoid air valves 


” 


The Ross PACER is a fine new solenoid valve in the '< 
and |,” size range that gives a full »:” flow capacity yet 
uses only 7 watts of holding power. The PACER is built 
for especially long life yet is priced surprisingly low. Capable 
of 1000 cycles per minute and more, is JIC, and very light 
and compact. And if you’re interested in large valves the 
PACER has a second identity, that of a pilot section to 
actuate any valve of the Ross Skyline series. It will operate 
any of these valves at top speed and with low power con- 
sumption, 


COMPLETE 
PACER VALVES 


STRAIGHTWAY, N/C 
3-WAY, N/C 
4-WAY 

SKYLINE VALVES USING 

PACER AS ACTUATOR (HEAD 
STRAIGHTWAY, N/C 
STRAIGHTWAY, N/O 
3-WAY, N/C INLINE MT 
3-WAY N/O, INLINE MT 
3-WAY, N/C, BASE MT. 
3-WAY, N/O, BASE MT 
4-WAY, INLINE MT. 
4-WAY, BASE MT. 


4-WAY, 5-PORT 


New PACER 
manifolds to 
save piping 
and wiring 


PIPE SIZES 


Ross manifolds provide a com- 
pact and economical method 
of multiple mounting PACER 
valves. One air supply line and 
one electrical conduit can 
serve all PACER valves. Mani- 
folds are available in two and 
three stations. 


oss OPERATING VALVE COMPANY 


114 EAST GOLDEN GATE AVE. 
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FEATURED: 


HIGH-SPEED PHOTOGRAPHY—DESIGNER’S TOOL .. . F E Hall, asst editor 


It’s better than usual analysis for many developmental problems 


PROPS FOR OPERATORS... L W Brulin 


Author illustrates supports that ease work of machine attendants 


CHOOSING METALS TO RESIST WEAR .. . J K Elbaum, Haynes Stellite Co 


Here is an expert's guide on what to look for 


HYDRAULIC COUPLINGS FOR GEAR ASSEMBLIES .. . J Seliber 


Softened” peak loads are the result, and lead to economies 


ANOTHER SHORTCUT TO TORSION-BAR DESIGN .. . D A Derse 


Nomograph supplies values for mass moment of inertia 


K-FACTOR FOR IMPACT LOADING .. . S W Kaye, Raytheon Co 
It allows for loss of energy on impact, results in higher accuracy 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


New fluorine plastics that resist heat and chemicals. 
Corkboard winning in low-temperature insulation tests 
High-boron steels made workable by aluminum 
USSR promises new magnetic materials 


Drum-type direct-reading dial designed in Canada 
Air-pressure control uses regulated pressure to actuate pilot 
Fluid coupling varies output speed or torque 

Hi-temp bearings need no conventional lubrication 


British offer improved position transducer 
New data to guide electrical design. 


Detroit offering bigger compacts this year 
Hydrostatic drive gives tractor more power 


Automatic microfilm developer avoids complexity 


Cost of molded graphite reduced by new process 
Silver plating improves hi-temp bolts 


Equations simplify stress calculations 
British telemetry system used for vehicle road tests 


Stevens Institute seeks thermonuclear key 
Foreign computer patents to be annulled in Japan 
Migration of engineers to US alarms foreign governments 
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to fasten 
panels 
or parts... 


LIGHT, STRONG 


TRIMOUNT 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastic or composite structures, Dot Trimount 
studs are available in both permanent and remov- 
able types. They can be pushed into drilled, 
stamped or molded holes by finger-pressure alone 
yet they lock positively in place and resist con- 
stant vibration. 


Studs can be designed in steel or brass with var- 
ious flange configurations for clinch, clip or clamp 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes . .. with or without decorative caps. 


DESIGN 
ENGINEERING SERVICE 


Designers, metallurgists and plastics specialists 
on Dot’s engineering staff are equipped to work 
out optimum combinations of metal and plastics 
to suit your particular requirements. 


> For further details, 
write for Engineering Data Catalog, Section H 
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Push Rivet Stud Push Rivet Stud Push Rivet Stud 
Shoulder Type (Copped) Tapered Type (Capped) Shoulder Type (Not Capped) 


» Bw 


. 


Push Rivet Stud Clinch Type Stud Clip-on Stud 
Tapered Type (Not Capped) 


Trim Stud Trim Stud Panel Type Stud 
Borrel Type Scissors Type 


Sy > 


Loop Type Stud Panel Stud Panel Stud 
Staple Type Hook-on Type 


> CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


4 2 Offices in: Atlanta, Boston, Chicago, 
ST E ne Cleveland, Dallas, Detroit, Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 
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our look 

i yho 
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tographer at work. He is 


John Waddell (left), a 


high-speed motion picture 


On cover—A 
through the lens at et et @) @) Sl aoe 
RING 


a i | 


camera designer and con- 
sultant to many engineer- 
ing test labs. At right is 
Arthur Dorman, industrial 
sales engineer for Camera 
Equipment Co. They are 
photographing the opera- 
tion of a Barden bearing 
running at 10,000 rom and 


575 | You 


Cameras, lights, film and setup are discussed at length in 


can be your own test photographer, too 


this week’s special report starting on 


page 29 


Pushbutton te Success 
Although 


tradename at 


] 


most annual repor place value of a 


the 
certainly a 


like Kodak 


winnel whe n he 


} ] 
d dollar, this conservative 


Did Georg 


ies 


estimate when it comes to a nam 


realize he had a decided to 
on th« 


l'oday. like the 


Eastman 
try that 


} 
language 


word pubh It meant nothing in am 


Cola, Kodak 


name Coca 


puage 


known in practically every lan 
The life of George I 


story He was born at 


: ] 
istman 1 i typical 


] 
family Of moderate mean Dut 


father died, leaving the family almost penniless 
with 


family’s financial 


school and, 
the 
He got a job as a messenger boy for an insur- 
A year later he 


ind through his own initiative 


poverty forced George to leave grim 


determination, he vowed to relieve 
cistress 
ince firm at $3 per week was office boy 
in another insurance firm 
he soon got more work in the office, took charge of policy 


filing and even wrote policies. He was advanced to $5 
per week 

Ihe financial struggle at difficult 
the office the 


budget in spite of the income his mother earned by taking 


home became more 


ind boy’s pay was not enough to meet 


boarders. So, in the evenings, he studied accounting at 
home to get a better paying job and, after five years in 
insurance work, was hired as a junior clerk at the Rochester 
Savings Bank. When he was 24, he decided to take a 
much-needed He had 


ind the 


vacation read about and wanted 


to go to San Domingo, engineer who worked in 
the basement of the bank convinced him to make a photo 
graphic record of his trip 

It was this chance suggestion that started George East 
man in photography 
with all the 


1 Was as 


He bought a photographic outfit 
The 


1 soap box and needed a heavy tripod 


paraphernalia of the wet-plate days 


imMer big as 
the dark-tent enough so he 


had to be large could get 


o it while 


ind 


nt spreading emulsion on glass plates before 


Vhere 


jug of water 


: | 
xposure, iter for developing the plates Wel 
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glass tanks holder, 
] 
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INTERESTING TO NOTE continuea 
However, plans changed 

He did not make the San 

Domingo trip but went in- 

stead to Mackinac Island to 

photograph the natural bridge 

there \ group of curious 

tourists draped themselves on 


| } 


the bridge to pose for the 
picture and watch Eastman 
set up and focus his camera, 
craw! into his tent on hands 
ind knees t sensitize his 
; George Eastman 
ut again with 
take the picture It was a hot dav but 
group remained, waiting for him to emerge 
ming dark tent He was looking at his 
when one of the party approached and 
of it. Eastman said, ““Thev are not for 
nly an amateur Then why,” the enraged 
nan demanded, “‘did vou allow us to stand in the broiling 
1ot sun for half an hour while vou fooled around? You 
uu ought to be tagged with a sign telling that 

imateur.” 


fact that Eastman was an amateur that led 


1m to fnancial success While working in the bank, 
Finally, 


in 1880, he left the bank and became a manufacturer of 


he continued home experiments in photography 


s. The first thing that he tried was the use of 
vaper to carry the emulsion, his paper being in the form 
vf a roll carried in a holder. (Before this, holders had 
been used only for flat glass plates.) The roll holders 
were immediately successful, but the paper was not en 


satistactory as a carrier for the emulsion because 


grain of the paper was likely to be reproduced in the 
print. So Eastman tried to substitute a film of collodion 
hat didn’t work either. He then went 
back to paper, first coating it with a layer of plain, soluble 


for the paper 


gelatin, and adding a second layer of insoluble light-sensi 
tive gelatin. After exposure and development, the gelatin 
bearing the image was stripped from the paper, trans 
ferred to a sheet of clear gelatin, and varnished with 
collodion. 

('o reach the general public, Eastman decided on a 
Introduced in 1888, it was the first 
Kodak—a box-type camera, light weight and small, loaded 
with a roll of the 
stripping paper long 


new kind of camera 


enough for 100 expo 
sures. Price of the 
camera, loaded and in 
cluding i shoulder 
strap and case, was $25. 
After pictures wert 
taken, the camera had 
to be sent to Rochester 
exposed 
} 


strip was removed, deve 


inserted at a charge of $ This was a radical change in 
Kodak create | 


. ' J ‘ 
in entirely new market and made photographers ot 


Eastman’s First Kodak 
where the 


} 


ind printed, and a new 


policy—and the roll holder responsibk 


people who had no special knowledge of the subject and 
who had as their only qualification the desire to tak 
pictures Anvbody could “press the button,” and ist 
man’s company “would do the rest \ new era opened 
modern photography was launched. On page 29 we hav 
vclopments 


Benedict A Leerburger ]1 


report on the most recent di 








The European Engineer Talks 


companies. 


prevent metal-to-metal contact. 


start growing fast. 





NEXT WEEK IN PRODUCT ENGINEERING 


—on the Common Market, the Outer Market, current design in Europe, research, 
education, plans, agreements, cartels, trusts. A special report of personal inter- 
views by our chief editor with nearly 100 men from some 50 major European 


Oil-mist Lubrication for Air Bearings 


Its boundary film may be the answer when air pressure alone is insufficient to 


Nomograph Shows When Cracks Become Dangerous 
Chart solves equation for critical size and stress at which cracks in metal sheet 


Nameplates: A Tabulated Guide 


Table compares characteristics of nine commonly used types of nameplates. 
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THIS MAN CAN 
DEMONSTRATE | 
A NEW WAY TO 


COUN 


... fight in your own office! 


Fifteen minutes of y ime that’s all it'll take to Make sure 
put on the Veeder-Root ‘ DESK-TOP DEMONSTRATION” 

actual performance of how Veeder-Root Electron 
Counters will improve your production records, im 
prove your product. Let us show you how Veeder-Root 
Electronic Counters can measure quantities, lengths, 





DEMONSTRATION 
branch office 
engineer will 


your convenience 


liquids; count odd-shape objects; actuate machinery 


measure batches. Let us show you new counting methods \\ Veeder- Root 
utilizing Electronic Counters to count, measure, actuate 

rapidly, accurately, from remote locations, with com- 
plete flexibility, with minimum maintenance. 


ELECTRONIC CONTROLS DIVISION 
DANVERS, MASS 


"The Name that Counts” 
Hartford, Conn. « New York + Chicago + Los Angeles « 


San Francisco « Seattle * St. Louis + Greenville, S Itoona, Pa. « Montreal + Offices and Agents 





Whatever 
urn 
shafts 


may 
take... 


it's easy to match your needs from 
LINK-BELT’s complete line of 


self-aligning ball and roller bearings 


High speeds, low speeds—light loads, heavy shock loads, 
there’s a Link-Belt bearing to keep every shaft turning 
continuously and economically. 

Link-Belt’s line of ball and roller bearings, the most com- 
piete in industry, includes spherical roller bearings, pillow 
blocks, and flanged, flanged cartridge, cartridge and takeup 
blocks. All have industry’s preferred bearing features and 
all have won the reputation of “the designers’ choice.” 

Link-Belt self-aiigning ball and roller bearings compen- 
sate for inaccuracies in fabrication and assembly of equip- 
ment while maintaining full load capacity throughout their 
long life. Their compactness promotes simplicity of machin- 
ery design—their easy mounting reduces installation costs. 

Available from local stocks; contact your nearest Link- 
Belt office. Look under BEARINGS 
in the yellow pages of your phone a 
book. Ask, too, for Book 2760 and Nae Dany 
2550-C containing full information on 
the complete Link-Belt ball and roller 
bearing line. 


LINK{<O}BELT 


SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney) Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives 

Throughout the World 15,413-A 
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DEVELOPMENTS TO WATCH... 


Drum-type direct-reading dial designed in 


\ drum-type dial that 


Canada 


} y 
changes numb 


stantaneously, without an in-between 
ision, has been d 


iCS1g 
ak. , 
ging Its only mo 


that may cause conf 
1 Canadian en 


is the dial itself, carrving the last t 
of the number hese are marked 
drum im a spira Ihe pitch of the 
the same as that of the thread whi 
the drum, but in the opposite hand 
a fixed member m 
drum, but visible through a transparent 
running parallel to the numbered spiral 
f | CHANGEOVER from one number to 
Information on the device may be obtain 
: > the next is shown in this 
; ; tentc ' nic n . 
from Canadian Patents & Develoments | tion photo, which 
100 Sussex Drive, Ottawa 


digit is on unted insi 


stop-mo 
indicates 


ot inte ers 


spiral 
arrangement 


Silver plating improves hi-temp bolts 
At a competitive pric 
» 1400-F range tha 
\ ailable, Kay1 


coating 


in 


vated temperat 


Coming up: New fluorine plastics to resist heat and chemicals 
Coatings, mo part id dic ' 


neat 


1 
month 


New process reduces cost of molded graphite 


\ technique that ymbines carbonization and graphitizat 
reduces the time and cost of making mold 
developed under AEC sponsor hip 


ld 
| ST} Largest parts 
by 4 in. But, says AEC 


substantially 


| mad 
Chairman John A, McCon 
in be adapted to making the larg 


IZES required for 
Key to the method is 


a thermosetting resin binder 
special supports during ¢ irbonization and an extra cooling 
ind graphitization 
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Corkboard winning in low-temperature insulation tests 
Best insulation for low-temperatu iguid hy n quipm« 

m polyest ln , Says NASA’s I 

ion-filled glass-cl mn mb sandwich pai 


estin 1 riety 


ryogenic tal 

r thermal insulation 
iting that occurs on launching 
(Lorkboard NASA savs, has th 
died ibout 40 ower than 


; 


| irthern 1 ; relatively ight 


High-boron steels made workable by aluminum 
W orkabilit I high-boron in 
Middleham of Hadfields Ltd, Shefh 
mounts, boi 
LOC much 


iddleham 


Magnesium alloy tested for pressure tubes 


f n 


British offer improved position transducer 


' } 


ne Grou - NEW TRANSDUCER 


that movement rt ! : . 


act, provides dire 
ut-of-balance 
the movement 
utput from the de 
reater than 0.20 in 


remains within ] rf 
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CENTURY SERIES COLD FINISHED STEEL BARS. Having 
trouble finding cold finished bar stock with the right balance 
of machinability and toughness? Republic's CENTURY SERIES 
was made fo solve this problem. CENTURY SERIES offers five 
different grades of high strength, stress-relieved, cold finished 
bars, each having a minimum yield strength of 100,000 psi. 
Selecting the grade with just the degree of machinability 


CIRCLE 8 ON READER SERVICE CARD 


problem-solving — 
products and 
Services 


from Republic Stee/ 


ELECTRO PAINTLOK® STEEL SHEETS. For production of their 
top line shower cabinets, Vogt Brothers Mfg. Company, 
Louisville, Ky, needed sheets that would take and hold paint 
exceptionally well, because the units are subjected to soap, 
hot and cold water, bumps and knocks. The solution: Republic 
Electro Paintlok Steel Sheets. Paintlok sheets are zinc coated 
electrolytically, then chemically treated to provide an inert 
phosphate surface film. Result: a firm mechanical bonding of 
paint, lacquer, or enamel to steel. In die forming, brake form 
ing, and piercing operations, Vogt found that Paintlok is easy 
to fabricate, too. 

If getting a good, tight painted finish is your problem, it will 
pay you to investigate Republic Electro Paintlok. Mail coupon 
for data, 


BEST 
ANALYSIS COMBINATION 
EXTRA OF STRENGTH 
‘ GHNES 


a eT | 


MACHINABILITY 


ey 


and toughness you need can mean reduced savings in 
material costs. For production of highly machined parts, 
C-1144 is the right choice. For moderately machined parts— 
C-1141 or C-1151. If machinability is a minor factor, C-1050 
or C-1045 would be the best, most economical choice. 
Smooth, scale-free surfaces require no finishing operations 
for many applications. Send for free CENTURY SERIES booklet. 





New from Republic 


MEDIUM HIGH STRENGTH 
ALLOY POWDER 


TYPE MHS6450 


Design applications using metal powder become even 
greater with the introduction of new Type MHS6450 
alloy powder. To meet industry requirements, Republic 
has developed and tested this medium high strength 
alloy powder specifically for iron-carbon, iron-copper- 
carbon, and iron-copper sinterings. 

The new Medium High Strength grade offers ex- 
cellent carbon compatibility. When blended with 
carbon, it is capable of a minimum tensile strength of 
50,000 psi at 6.4 density as sintered. Mail the attached 
coupon for free booklet on MHS6450. Contains tech- 
nical data on chemical composition, physical properties, 
and test evaluations. 


REPUBLIC STEEL 


1 hon» ft f ~~ 7 
Markle (/QLMhM , KAKG 


<x : Go ? 
STAINLESS STEEL. When a difficult stainless forming Sind, SCebs ava 
problem confronted Applied Arts, Inc., Grand Rapids, 
Michigan, automotive trim manufacturer, fast action from 
Republic saved time and money. Problem occurred with 
a piece of window trim for a 1960 car, where a partic- REPUBLIC STEEL CORPORATION 
ularly severe draw was causing a bad roping surface. DEPT. PE-9835 
Applied Aits called on Republic Metallurgists, who 1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
studied the forming operations and recommended a Please send free CENTURY SERIES Bookk 
specification change to vary the physicals of the stainless Send more information on 
: . Sr . Electro Paintlok Steel Sheets 
slightly. The result: roping was eliminated and the rejec- Senfialiens Qeeal 
tion rate dropped well below original estimate. O Medium High Strength Alloy Powder MHSG64 
Republic Stainless Metallurgists are at your service, “ae 
where and when you need them—to help you select, 
apply, and process the stainless steel best suited to Company 
your requirements. Send for complete information. Address 


City 





WHAT'S HAPPENING IN RESEARCH... 


New data to guide nts for calculating cs im slabs, = briefs . . 


| . Id ° inders, and spheres van f 
electrica esign ' : Zirconium alloys wit! rrosion 1 
lhe work, done last vear. is now , 
At indie f lose . sistance an trength t equi 
tem 1 > in published form from th b id 7 q! 
ITesS nad . . ient to t se ( y-? ] 
ures, and new vernment Printing Office as NBS nA) and 
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. a siderably better ductilit Ie 
Monograph 4 aid derab etter ductilitv; and all 
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n of dielectric 
, Se: secant with strength and corrosion resistan 

Catalog No. C 13.44:2 ’ 

ciation in Surrey equal to th 


page 
rom Britain 
se Of type 304 stainle 


point out threre is 1200 F, are being sought by 


USSR promises \tomic Power Equipment Dey 
fi terial is conducting supplier seminars 

new magnetic materials courage development of such 
details or test methods Ceramic-type magnets in thin taps for nuclear use; hopes they wi 
definitions of dust-tight form, with opposite polarity on the rials th 
Und two sides of the ta 


ccepted vstem 


enclosures Specifica 


1 use describe either con 


it 
pe, are promised caper 

tandards a dust-tight enclosure by research now underway at th _—— lock d ;, 
netracted thet deat Gf specified USSR Physics Institut \ number stavity clock designed 


of titanates—magnesium, zinc, bi mak 


ure cannot enter; and 
that dust of specified muth, calcium, and strontium com 
t 4 at t ) CIC? 
I " . 
poul : D rized | su 
enter in amounts th it | l ids ha ¢ 
istactorn yperation jecting them t 
down these definition 
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that rt , repo! by idemician 
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Stevens seeks thermonuclear 
l'o create i itt | thermonu 
lear reaction (th usion of atomik 


lei which can liber tremendous 


Equations simplify 
stress calculations 
I 


elastic lid Now. Stevens Institute plans a ne 


il —_ Rael al nt wit 
that are n ipproach till electrica Bu vith TO CREATE A STABLE PLASMA, 
gas will be heated and compressed 

Bureau of Standard signed a setup expe ted to produce (first two steps). Then, at peak 
eloped a series of equa cusp-shaped plasma 1 sort of concave rent, the magnetic heating coils ar 

' short-circuited, creating a _ throttle 


effect and firing the two plasmas at 


their creep or yield new twist. Stevens physicist have de 


cul 


n dimensional change and faced diamond—by magnetic com 
lient, and prepared a pression heating, with a percussion 


each other (third step) Final con 
the necessary con effect. The diagram shows how 


figuration is shown at bottom 
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REPORT FROM ABROAD... 


British telemetry system revolutionizes vehicle road tests 


More accurate information at much faster rates is the claim made by Armstrong 
Whitworth Aircraft Ltd for its lightweight automatic data-handling telemetry 
system, which should elevate status of vehicle road testing. Weighing only 30 
lb, the mobile elements can be placed on seat next to driver and powered by a 
ar battery 


l'ransducers, fitted on the vehicle, convert structural and performance parameters 
into voltages and feed them to a multiplexing switch. Single coded output from 
this switch is used to modulate a uhf carrier-frequency from the vehicle's root 


nounted transmitting aerial 


Receiver, decoder and amplified recording equipment in form of either cathode 
tubes or meter presentation are located in nearby research laboratory, which main 
tains a uhf link with the driver. 


Donald Campbell's 500-mph turboshaft car is the first application of the telem- 
etry system which recently began structural tests at modest speeds. But Propuci 
I.NGINEERING learns authoritatively that major British car manufacturers are expecte 


to introduce the system within the next few weeks 


Industrial labor pinch threatens West German boom 


West Germany is in the throes of a labor shortage. Industnes most seriousl\ 


~ 


iffected are automotive, rubber processing, electrical and electronics 


Unemployment has reached an all-time low of 137,382 persons or a mere 0.07 
of the labor force. This is all well and good, but if the shortage of manpower 


ontinues, Germany's spectacular boom may be deflated 


Right now, almost 600,000 jobs are waiting to be filled despite importation 
of nearly 60,000 workers from Italy, Spain and Greece. German industrialists 
hope to ease the pinch by setting up plants abroad; Ireland has made German 


1 very attractive offer 


Japan annulling foreign computer patents 


‘ 


Japan is acting to annul most foreign | nts lati » electron 


n order to boost its domestic production of such equipment. Japan’s El 
Industry Development Assoc (JEIDA) reports that more than 80 of the patent 
inder scrutiny involve such US firms as IBM, Sperry Rand, Remington, We 


iouse, RCA, International Standard Electric, among others 


JEIDA acted in accordance with Japan’s recent patent-law amendments which 
stipulate that other than interested parties can proceed with application to 
invalidate any patent 5 yr after it has been registered. ‘Iwo outstanding US patent 


in Japan that are now being considered for annulment are IBM’s “Improve 


Winding and Unwinding Equipment,” Patent No. 216603, registered Sep 
ind ISK’s “Storage Circuits for the Communications System,” No 2193 
tered Jan 20, 1956 


\ JELDA spokesman says, “It is necessary to establish a national electronic com 
puter manufacturing company that can defend against the lawsuits that are likely 
to be put up by the US patent holders.” Such a move by the Ministry of Inte: 
tional Trade and Industry was aborted last vear and again this vear but governmé 
and the industry have not abandoned the idea 
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MOTOR USER'S CASE HISTORY 


“We ran 
accelerated life 
tests... 
selected Bodine 
Motors” 


..» HALOID XEROX INC. 


‘Before we selected a Bodine fractional horsepower motor to power our 
XeroX 914 Office Copier, our Research and Development Division con- 
ducted accelerated life tests. The results were favorable. This, plus our past 
experience with Bodine’s dependability, made it clear that Bodine Motors 
should power this piece of office equipment. Also we find that Bodine’s 
conservative rating gives us trouble-free performance even when used at 
full rating.” 


... Dr. John H. Dessauer, Executive Vice President 
in Charge of Research 
and Product Development, Haloid Xerox Inc. 


Here's the XeroX 914 Office 
Copier ... powered by a Bodine 
Fractional Horsepower Motor 


This remarkable new copier 
automatically reproduces copies 
of letters and other documents 
on ordinary unsensitized paper. 
For single or multiple copies. . . 
as many as six a minute... you 
just dial the number of copies 
you want, push a button, and 
that’s it. The main drive of the 
XeroX 914 Copier is powered 
by single reduction, right angle 
worm gear, speed reducer motor 
... by Bodine. 


=I 1B) i» i= 


Bulletin describes late model business machine motor. 


Here's the story of Bodine's latest model business fractional BODINE) horsepower 
machine motor the FSE-23. It's only 2%6” high . . . = SEpOwel 


weighs only 1 pound 11] ounces and delivers plenty 


of power, Designed for economical, high volume M © ‘@) 2S 


production. Ask for your copy of Technical Bulletin 
#1034. Bodine Electric Company, 2510 West Bradley 
Place, Chicago 18, Illinois. 
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THE ENGINEERING WEEK 


Migration of Top Engineering Talent 
to US Alarms Foreign Governments 


New Yorx—Engineering and science Tokyo Univ, his se sala ‘ 
idministrators in Europe and As re $170 a month for teaching 15 
ilarmed by flight « heir bri es room hours a week and putting 
oung men to the [ ‘ YS ’ everal hours of administrative w 
number of persons im is Out of this salary he had to pay 
ntly small, and many wi ome of his research and educate 
homelands \ three children—a difficult task even 
are said to be suffering « with lower living costs in Japan. He 
because thes rkers offer made ends meet by part-time work | lomi 
The extensive 


talents that mimed In the US, the professor will 
US 


ely replaced $16,000 a vear at Catholi 
In Japan the m | , will teach only 6 
taken p by the 1 | nad 1 week He 
fh maining tim¢ 

j number 


crinanent 


Magnetic 


knows exactl 
nave stayed 
that 36,000 Japan 
nually, and that ab 
dents and teacher 
to the US 
Yomiuiri We 
I iT + 
US and 
nagazine furth 
yf Japan ; matl 
eft state 
US. And 
nomentum 
tronics and 
Most of the 


yple go abroad 


rograms finances 

United Nations 

rovernment thr 

motion Fund \ ¥ go on grants 
provided by private in stry Man 
f these visitors build up 


while abroad and later retu 


permanently 


her two motivations f : 
a ae Miniature airborne drum assembly developed by engineers at the IBM Federal 


ing abroad: a wider range of researc! Systems Div laboratory weighs 8 lb as compared to 235 lb for conventional 
] ] + rY 7 . > . 

facilities is available in US or Wester drum assemblies. The lightweight frame surrounding the rotating drum holds 
living standards a1 the slider bearings in which tiny magnetic recording heads are imbedded. 
As the drum spins at 6000 rpm, it builds up a very thin layer of air over 
; , . its surface The slider bearings ride on this film of air, staying only a hundred 
fessor accepted a position with Catho te : 

, millionths of an inch away from the drum even under severe vibration. In 


lic Univ in Washington. After 20 photo above, all but seven read/write heads were removed from the assembly 
years’ service on the technical staff of to permit a view of the drum surface through the slots. 


Europe, and 
higher. Recently a Tokyo Univ pro 
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technical people who return bers to the US and 13 to Canada in pan The company walked off with 


be well qualified to work 1957 to 5 and 2 respectively last vear 1 man whose knowledge is considered 


n basic problems of world-wide In the electrical industry, alarm is bevond replacement within the next 


ignificance focused on losses in both quantity and 


[he Chinese government on For quality of engineers, even though this 
co ol hicl } 1 technical _ . ENGLAND LURES THEM BACK 
ymewhat concerned over is the highest paid technical speciaity 


itain. Records of the Institution » far, the migration has been 


it 


' 
I 
] 
! 


f its technical talent in B 
2) | 


1 | 70 . y } y Tel 
\ recent survey found that f ectrical Engineers show that 839 t an energetic campaign 
1124 Chinese scholars are now teach of its member engineers reside in no ing waged by Sir John Cock 


US ile res ind universities Canada ind 532 in rn US These » entice the men back Firs 


+ 


344 are holding positions in foreign-based engineers have doubled results suggest that wooing works 


nce and 304 in engi he past few vears tort was initiated the 


have made substantia A. which has suffered 
] CAN’T BE REPLACED 
to US technology. | 


he id the rT I I ot the losses 


devel d ] 1S \ r} 5 ind 


he Atlas mis reatest heat-transfe1 thorities an iste ind Canada 
Chinese, -Dr Wen-Tsing head team wo } 
other US-educated Chinese, temperature gas-cooled 1 
leng, heads a group of UKAEA was recenth 
in the particle ; He is now heading up a GI 
of Argonne Na proj group in direct competiti 


British colleagues. The Jod 


physicists 


students come to ( radiotclescope team recenth 


to study in US col oaned its equipment to a US com 
sities. The Chinese 
ernment is urging these students 


thom those whan att tabled Donut-shaped Cutter Slices Friable Material 


US, to take over positions in a 
island’s 22 universities 6 


SIMILAR TREND IN ENGLAND 


In England, as in Japan, no formal 
of technical emigrants exists. 
yeneral opinion that the rate 

nigration has dropped in the past 
three years, except for the elec 

But observers believe 
ho do migrate are 
ind scientists. As mucl 

British PhD material 

the North American < 


icademic world pat 
tl irreparable ] 
biochemists 
extent of 
” engin 
American address 
rds when registering 
ocieties In 1957, 
Mechanical Eng 
ition of North 
from 253 engineers, 


Chey 


This cutting wheel, 0.006 to 0.010 in. thick, says the DoAlIl Co, should reduce 
scrap loss by 50% and yield more wafers per ingot. Peripheral saw wheels, by 
contrast, are 2 to 3 times as thick. Principle employed is that of stretch 

thin metal membrane radially until it is perfectly flat, rigid and 
running. Because this membrane, the cutting wheel, is held accurately 
stretched radially by a peripheral chuck mounting, it can be mucl 

than peripheral-type sawing wheels. Circling the ID of the wheel is 

cutting edge. Crystal to be sliced is positioned through the inner ope 


automatically sliced. 
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Detroit Offering Bigger 
Derrrorr—Auto makers are about 
enter the 196i 


bagful of new products, ind 


model vear with 


ventory problem. Big news, of 


is the addition of four new nam 
plates to the roster of American-made 
compacts hese are all relatively 
luxurious and somewhat larger than 
their pioneering cousins 

into a category that auto 
convenience call “*king-size’’ compact 
Pontiac’s Tempest is the most in 
teresting from a design standpoint 
Standard engine on this car, whos« 


vling is closely to Pontiac’ 
1959 model, is the fir t-cyvl engine 
be offered on a US-built passenger 
ir since the ill-fated Henry J. It i 
mounted ¢ ! vy in front, but 
ide. Reason 
essentially the current \ 
lac engine cut lengthwis« 
permit substantial tooling 
bly economies 
It should jump 
ion, with a | comp! 
tio, will put out about 150 hp 


burned mucl 


; 


lac engineers must have 
midnight oil to obtain this high out 
put with smoothness and silence. ‘The 
l'empest also offers an optional V-8 
cngin with iluminum head 
bl ck 
Another Pontiac inno 

nother first in the US, 


the di 
ted t 


unusual, curved driveshaft, suppor 


is connec 
between engine and transmissio1 
two pillow block The 1 
level floor and an 
umount of headroom 
Oldsmobile’s F-85 and Buick’s 
Special, the other two new GM com 
pacts, feature the aluminum V-5 1 
ferred to above This i 15 
engine that will turn up abou 
hp at 4800 rpm, on horsepower 
ibout every 17 lb of curb weigh 
The ‘SC | 


engines are built around a 
ymmon block that 


contains drv, cast 
iron cylinder liners; but the cylinder 


heads and many 


reciprocating part 
epresent the different design think 
ing of the three manufacturers. Olds 
i flattop 


piston and a cast, wedge-shaped cham 


mobile, for example, uses 
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“Compacts” This Year | 


urrent 

nued for 
ng Wil 
dished 


ber; Buick 


with a completely machined, nearly 


prefers a piston new line of Dart truck 


Pontiac engine THESE CHANGES IN THE OLDER COMPACTS 


hemispheric chamber 
is similar to the Buick 
Both the standard 3-speed manual in aluminum 


OHV six. Th 


these 1 muillion-mil 


tt i + 


Rambler, however, | mm 
ement 


transmission and the optional hvdra 


matic are located in front on 


cars, but a_ triple-joint driveshaft 


keeps height down. The hydramati 


transmission weighs about 100 I 


compared to 200 tb for the unit 


rently used in standard-size cars. ‘Th 


hy 


same basic aluminum cas¢ 


; 


used either in the conventi 


transaxle position 


The GM compacts share 
mon unitized body shell, but 
nces exterior styling gi\ 
resemblance to its parent line 
door sedan and station wagon 


will be offered on a 112 


gated Valiant with the ext: 
devoted to trunk room. Exter 


metal has been revamped 
the “spare tire’ stamping in 
lid, and the grille is horizonta 


Valiant 


though an aluminum version of Chr 
ler’s slant-six engine wa 


than vertical as on the 


: : 
production pi yblems dictate 


Glassy Nose for Spacecraft 


Built entirely of heat-resistant fiberglass, this nosecone for the Atlas-Centaur 
space vehicle—first US spacecraft comparable to the Soviet’s Lunik—will pro- 
tect payloads totaling up to 4} tons from fierce frictional heat and aerial buffet 
ing when Centaur launchings are made starting in 1961 by NASA. 
10 ft wide across base, 18 ft long, and made entirely of fiberglass-sandwich 
construction—honeycomb bonded between layers of glass-reinforced plastic 
It’s being built at Fort Worth plant of Convair Div, General Dynamics Corp 


Cone is 


7 
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engine. It is essentially the old in-lin 
six converted into overhead-valve con 
figuration, is the report of ob- 


CTVers 


BIG-CAR ENGINEERING CHANGES 
\ development that will hav 


; 


reaching effect on the oil industry i 


ch ISSI1S 
Mercurvs, the 
Thun 


metal-to-metal 


the advent of the semi-lubefree 
Standard-size Fords, 
Continental and probably the 
derbird will utilize 
chassis-bearing surfaces that are facton 
sealed with a special molybdenum di 
sulfide lubricant. Early in the program 
it was felt that 


for “lifetime 


these could be specified 
usage except under ex 
treme conditions, but this optimistic 
slowpoiat has since been modified 
require service every 30,000 miles 
Lubrication of these bearings requires 
GM’s Cadillac is 
using metal-to-metal chassis joints that 
are factory-lubricated for life. Lub 
cant is not yet known becaus¢ 


ind Kendall are 


tions 


special equipment 


The new Continental, to be offered 


in 4-door sedan and 4-door convert 


form, is in the opinion of most ob 


servers a thing of beauty. It is lean 
ind low (current Continentals are so 
wide that they technically should « 

truck type running lights in several 


} 


ites) with styling strongly reminis 


cent of the low-production, $20,000, 


1956-57 model. The car is expected 


in unconditional, 30,000 
guarantee 
Mercury will offer an _ optional 
cvl engine for the first time in its 
Standard-size GM make 
been extensively restvled, but the new 
bodies are of conventional, chassis-typ¢ 
onstruction. Chevrolet has lost it 
rull-wing rear, but Buick keeps its 
portholes. Cadillac has dropped air sus 
last American make to do 
t will continue fuel-inje 
sports model Corvette 
r-made cars have undergon 
extensive facelifting, but the main 
mechanical change of interest is 
lternators. This unit 
the conventional generator, and 
received extensive field trial a 
tandard equipment in the 1960 Val 
int. Main advantages are 


small size and abilitv to charge th 


light weight 
at idle speed. ‘Two mimatu 


d diodes re ectify ic t » ck 
—Don MacDonald 
Detroit News Bureau 


18 


Satellites Across the World 


—— eae Oe 








- , 


mn KT, 
SPINS 


7 ? 

















A world-wide satellite communication network has been proposed by the 
Bell System to help meet the growing demand for transoceanic telephone and 
television transmission facilities. Fifty radio relay spheres linking 26 stations 
scattered throughout the world would cost $170,900,000. To link only Bonn, 
Paris, London and Hawaii with the continental US would cost an estimated 
$82,000,000. The Bell proposal visualizes the satellites at 3000 miles altitude 
and traveling in a north-south orbit. A different system might use satellit 

placed at 22,300 miles altitude in a west-east orbit around the equator. Here 
three satellites could link the entire globe with the exception of the arctic areas 
The means for attaining and adjusting the precise position for the higher or 

is, as yet, not obtainable. 


Twin Carburetor Saves Fuel, 
Minimizes Carbon Monoxide 


Paris, FRANCE—Researchers 


at the C Crip > low maximum 
Petrole (IFP \ 


variable-richness 


Institut Francais du 


: t y watt Tt sxtitie 
have developed a terogencous mixture 


} iin 7 
O iCan-mixture Opeta 


IFP ports a rich 


idded carburet 


carburetor system for gasoline en 


gines; it cuts fuel consumption about 


mixture 


. the to] ri 7} 
ally free of carbon monoxide undet me 1 e valve through a 


diame 


10% and keeps exhaust gases pract 


running down the 


loads up to 95% of full power output 
Key to the system is 
uus fuel mixture 


heterogenc take pipe. The engine idles with 


the richness value of 0.55, with th 


fuel supply solely from the tul 


locally rich in 
vicinity of the sparkplug but lean over e and 


1] 
iil 





In effect, the engine operates on 
1 very lean mixture at low loads and 
n an increasingly rich mixture as 
torque increases 

In test runs, an experimental en 
gine used about 5% less fuel, com 
pared to the minimum possible with 
standard carburetion, over the entir 
speed-torque range. At the more fr 
quent operating range—4$ to 7 full 
throttle 


Carbon monoxide content of th 


fuel saving went up to 12 
iriable-richness engine at idling i 
0.008%: at 3000 rpm, | 045 Nor 
mal CO at 


ibout 2% at operating speed As 





idling is 2 to 6% and 


torque output increases, CO content 
th variable-richness  carburetion 


es up until at full throttle it ap 
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the fuel-mixtur 
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Fitted to this lathe is a pitch-correcting mechanism for lead screws. It auto- 
matically corrects errors plotted from a test screw cut on the machine. Devel 
oped by BPS Machinery & Spares Ltd, London, the machine comes with a 
large-scale chart on which errors of the test screw are plotted with white 
adhesive tape. Attached to the machine head is a photocell and source of light; 
during operation the photocell traverses unti t ip maximum light 
reflected from the tape As the head travels down tl ved, movement of the 
photocell is transmitted to a slave motor that moves tl achine lead screw 
back and forth to correct the pitch error. BPS says ths n practical tests 
error has been held to 0.0005 in./ft and 0.0025 in. cu a rror on a 10-ft 


screw, and that it is theoretically possible to produ : with nil erro 


British Firms Pool R & D 


LONDON here’s a growing trend 


} 
; 


natura is operation ymong major industries in Britain 


Win g m 
Arthur |Erikson, Paris News Bureau toward formation of associated groups 


to spread the research load. So says 
1 report by the Dept of Scientific and 
Volkswagen Re-engineered Industrial Research which reveals that 
n 1959 the number of government 

Bonn—Although Volkswag has | uided research associations reached 
n production of I c new high of 50 while their incom 
the world-fan rior re from both industry and government 
inchanged (with tl ’ ntributions total] L 

m—a hike 
Of this tota 
+} 


} Tl 
nme UWUIK 


vided 
tributing $4.75 

by $840,000 

tion. This i ed spending 


ch, sa eport, is in line 


sted 4 
with 3.] 
W hil 

mally, the nt luggage ci associations exemplifi 

tment has | I reK ) c search within a 
rorme! ipacity Db et if g the report 
fuel tank A windshield w er with reep, metal fatig 
i twin jet, headlamps wit! ymm where combined 
il low beams, and a padded between several 
have become standard equip } progress. These ar is where 

These and several imp ports the DSIR, “We have aided the 


ments are estimated to be worth $100 pooling of resour in all wa 


; 


to $140 but the Volkswagen pric ur disposal - 
tt been changed One change of 
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TRENDS IN APPEARANCE DESIGN 








STYLING 

AN 
ELECTRICAL- 
DISCHARGE 
MACHINE 
TOOL 


NORMAN H. DOANE, industrial designer 
Cincinnati Milling Machine Co 


@ When our industrial design staff o achieve this versatility, the eng 


was called in to work on a line of neers designed the machines aroun 


clectrical-lischarge machine tools, we two basic types of columns and four 
had two advantages: First, it was to workheads. The workheads were to 
i i 4 


be a completely new line, so we had be capable of either being permanently 
none of the restraining influences usu fixed to the machine column o 
on a slide for vertical posi 
Second, in line with engineering poli \ tioning Dielectric-fluid tank 
it Cincinnati Machine ‘Tool Co, we vhere metal is removed, were to be of 
were called in early enough so that we four different designs. A fixed tabk 


could evaluate with the engineers th« +) and two horizontally moving tabk 


illy imposed by preceding models mounted 


functions and basic mechanical, elec not unlike those found on manv mil] 
trical and other design considerations ing machines) were also needed 

that would influence the arrangement 

of the elements of these machines and 


their final shape and appearance 

I'wo sizes (1) of machines were to “ . ; 
be manufactured, each adaptable as to || 
size, range, capacity, type of work and 1} Ea 
operation. ‘The principal components | | 
were to be interchangeable, making FA 
possible 16 different combinations (2 
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Ihe styling of these clements for 
ill 480 machine tools in the line was 
to reflect the same “family look.” Yet 
we also wanted these particular ma 
chines to express their own particular 
process of metalworking. Here’s what 
we did 

Ihe very mechanics of these ma 
hines dictated the vertical lines that 
influenced their design the most; the 
most dominant clement pl ved to be 
the large column on its rectangular 
hase This column has no moving 
parts; it houses the electrical equip 
ment. ‘This liberated the styling de 
partment from the conventional limi 


} 


tations of the traditional milling-ma 


chine column, with its heavy bosse 
bulky shifting mechanism and various 


brackets and levers. Instead, in these 
machines it was possible to keep the 


umn a simple, a molithic structure, 
tapered in the rear and perpendicular 
n front to accommodate the workhead 
lides. Both for manufacturing reasons 
ind to provide for future enlarging of 
the base or column to accommodatc 
larger workpieces, the column was 
bolted to its bas« 

Ihe most controversial clement in 
the appearance design of the new 
machines was the rear line of the col 
umn. What kind of line should it 
be—straight or curved, broken or un 
broken? 

A number of drawings and }-in 
cale models were made in the cours 
the discussion on this pomt It wa 
decided to start the line from the bas« 
vertically, and then to lean it forward 
ibout 4° about one-third of the way 
up (5). The only generous radius on 
the machine was to be at the top of 
the column, rounding off to another 
ingled line leading to the workhead 
bearing. The resulting shape was an 
unpretentious one whose simplicity 
gave it a sense of dignity and strength 
It also dictated our approach to the 
stvling of the other major components 

Ihe industrial design staff had to 
tvle only three of the four workheads 
he fourth, a rotating type, was based 
m the patterns of an existing design 
rhe relatively simple operations r 
quired of the nonrotating (6) and ram 
type (7) heads meant that their me 
chanical designs could be simple, and 
ilso vertically arranged like the column 
on which they would be mounted. 
I'he enginecring design and the com 
ponents required for the universal 
head were more complex and, there 
fore, of greater volume. Most of its 
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bulk occurred at the top, making the 
problem of styling more difficult 

Again drawings and scale models 
were employed. It became apparent 
that this workhead should be of three 
clements, two rectangular masses over 
the cylinder that houses the rotating 
tool (8 

The dielectric tanks (9) presented 
no serious styling problems. It was 
mostly a matter of providing enough 
volume for the liquid required whik 
keeping the resulting square oF rec 
tangular sheetmetal mass in proportion 
with the other machine elements. For 
those machines that were to have a 
transverse movement of the tank, we 
used a standard table and saddle on a 
modified standard knee bearing. ‘Th« 
tanks were dimensioned so that acci 
dental overflow would drain into a 
base tank rather than onto the floor 

Che final design has given the engi 
neers and stylists what they wanted 
i related family of machines, each of 
which expresses its own function, They 
ilso feel it is flexible enough to meet 
the one remaining test—the need for 
future improvements in operation or 
capacity. 























Helpful new booklet suggests 


drafting, engineering shortcuts 


The 
covers new, easy-to-use shortcuts to 
formulas and engineering data. 

There’s a special section devoted 
to time-saving techniques on the 
drawing board, too. One of the sug- 


Just published—‘‘ DRAFTING 
SHORTCUTS” is a completely new 
booklet of helpful ideas and aids for 
engineers, draftsmen and students. 
It is well illustrated, clearly and log 
ically written. It contains a wealth 
of time-saving tips to speed both 
routine and specialized tasks. 

The ideas selected were submitted 
by professionals and judged by an 
impartial panel of widely recognized 
authorities on the various topics 
covered. 

As an example, the section cover- 
ing Calculating Ideas includes a sim- 
ple means of locating stress points 
on cantilevered beams, also a simple 
method for retaining fundamental 
trigonometric relations. 

In the section on Drafting Short- 
cuts, our editors have come up with 
topics like a simplified, fast and easy 
method for drawing gear teeth pro- 
files and a rapid means of showing 
twisted wire elements. 
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Engineering Data section 


gestions on how to make life easier 
for the draftsman tells how to use a 
bent paper clip as a variable guide 
for making section lines. 


For your free copy 
of ‘‘Drafting 
Shortcuts” contact 
your Post dealer 

or write today to 

the Frederick Post 
Company, 3642 N. 
Avondale Avenue, 
Chicago 18, Illinois. 


> INSTRUMENTS & SLIDE RULES 
PMENT & DRAFTING FURNITURE 








READER TO EDITOR| 





A Question of Fundamentals 


necring h 

loo Mam lool 
nakes the point th 
c nphas I pla ed 
math, physics, and 


mp! l I 
npha i 


cx ample 


the 
tion, and e1 
meone who 
irangement an 
determine its en 
h person { t 


Rospert B Kew 
Ann Arbor, Mi 


Course for Plastic Fabricators 


ttsman 
ideas 

fields this dependence might 

le. But in my manufacturn 

il plasti fabr 

f difficultic 


naterials ymmonl 

Recently in the 
lastics job : 
ran into difh 
TK This Wor 

f which 


mion ! 


members but to members of 

the building-trades group 

ind I were willing to employ member 
tl ting unmion put none ol 

was qualified to do the job 
ourse in the fabri 
of plast 


m ¢ olles e 


‘ 


« Dye 
member 
eed to give a 
installation and repair 

I am an old fugitive fi 


ind it warmed my heart 


» see 
these ry attentive men come from 


twenty different communities, travel a: 
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to attend sessions 

and a half hours on Saturday 
Six of the sessions are on the 
f our larg state university; 
them, of a laboratory nature 
students will be taught the 

»f plastics fabrication 
the man with the 


hniques 


w about the 
the estimator? 
employers, de 
ind estimator the skills of the 
10p will wither away un 


x this interest in technological 
' 


informed 


! ! 


1. I hoy 
; is it local phenomenon 
in the new 

ressive in al “post 
ition should keep 
ively higher cost of 
ntellige ntly 


yw cin 7iven 1S 


types 


pace 
pro 
planned 
with the ma 

el nentary plasti 5 
the student will 
materials 
the special tools and 


hot gas and re 


tudents 


hel 
yenave as 


shop sessions we 
forming as 
hniques. We 
on and safety 
shop opera 

t the feel 


manage 

letailed 
layouts and 
These 


a demonstra 


USINEeSS 


ugh to en 

vorkmanship 
that enter 
, } 


rocnur©e 
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lent, K-PLASTIX 
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1] Amphitheater 
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Typical Control Functions 
solved by AIR CIRCUITRY 


@ The H-5 RELAYAIR Valve, one of many 
Westinghouse Air Circuitry Components, is 
a pilot operated, directional control valve. It 
may be normally open or normally closed 
depending upon port connections. 

Various spring settings provide operating 
pressures from 3 to i150 psi. An easily re 
bracket 
valve without disturbing pipe connections 


movable pipe permits removal of 


Envelope size: 7%" x 7%” x 4%” 


Maximum supply pressure 200 psi. 


Typical Applications—in addition to the illustrated 
functions, this highly versatile valve has been 
and can be used in all conceivable types of air 
circuits. Some of these are as follows: cycling 
operations, safety interlocks, low pressure 
alarm signals, emergency cut-off of power, 
emergency brake applications, remote con 
trol station relays, sequence control timing 
and many many others 

If you have a control problem, let us know 
about it 
Circuitry. For 


Catalog A5-81.01. 


It can probably be solved with Air 


more information, ask for 


What is air circuitry? 
This is the Westinghouse term for application 
of pneumatic control systems to industrial 
Safe, 
precise Air Circuitry is now being used to 


production operations economical, 
solve the most rigorous and complex control 
problems in_ industry. 
Brake has pioneered the application and de 


velopment of air control for more than 80 


Westinghouse Ail 


years. Today our engineers can design an air 
circuit which will help you boost production 
and cut costs in your plant or shop 


e 
1. RELAY To 


pressure im an all 


TSPRING TO S 

increase flow or 
circuit. An air 
signal directed to line “A” overcomes 
a spring Opposed diaphragm to con 
nect line “B” to line “C Various 
determine operating 


spring values 


pressure 


"A 


NG 


2. TIME DELAY 


matic 


To provide auto 
unloading. Air 
4.” flows through the 


device to line “C” to perform specified 


power signal 


pressure in line 
operation. A check valve with choke 
and a volume provides a time delay 
by requiring a predetermined pres 
sure be built up before line “C” is 


vented to atmosphere 


3. LOCK-UP 


Air signal in line “A” con 


a hold-in 
feature 
nects line “B” to line “C.” Air from 
ine “C,” through a shuttle valve, 
holds this connection when signal air 


is vented 


4. CRISSCROSS INTERLOCK 

lo prevent energizing one line be 
fore another ts vented. With lines “A” 
nd “B” energized with air pressure, 
line “D” i 


Line “D” cannot be energized unti 


vented 


to atmosphere 
line “B” is vented. The converse is 
true when line and “D” are 


gized 


“B 
7 


5.SEQUENCE INTERLOCK—To 
insure one function is performed be 
fore another is initiated. Line “A’ 
must be energized to a predetermined 
pressure before line “B” 
to the next function 


Can pass alr 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor 


WESTINGHOUSE AIR BRAKE COMPANY 





&) 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, 


PENNSYLVANIA 
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/ WLean 
meets your 
needs for 


electric 
heat... 





VULCAN CIRCULATION HEATERS 


Complete range of sizes for heat- 
ing oil, water, steam, air and 
gases 


VULCAN RADIANT HEATERS 


Unlimited applications for spot 
comfort heating and drying 


VULCAN IMMERSION HEATERS 


For direct immersion in all types 
of liquid materials. 

Vulcan's complete line includes 
strip, cartridge, tubular, band and 
other heaters. Write for catalog 
VG-200 


(Wu 


WE iyi Lh - Mh 
VULCAN ELECTRIC COMPANY, Danvers, “( 
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in improved typewriter for 


Chinese and Japanese ideogra 


phic characters. Though ther 
has been some effort to modern 
ize these languages to avoid the 
pictographic symbols, progress 
has been slow and it is apparent 
that the language will continuc 
in this form for some time. The 
most modern ideographic type 
writer 


con 


sec photo at left 
sists of a machine with a stylu 
and a pull-out character board 
underneath. The operator places 
the stylus on one of about 2000 
characters on the board and 
button. This 
button actuates the type bar s 
lected by the 


sty lus 


pushes a single 


: position of th 
(Courtesy, Japanese Consulate-General, NYC) I'he machines commonh 
print from left to right, and top to bottom as with English—most literat 
Orientals have learned to read this way as well as the classical top to bottom 
right to left. 
typewritten material. But searching the board and selecting one character from 
2000 is a large burden to place on the typist. 


The 2000 characters are considered sufficient vocabulary for most 


By applying information theon 
and the principles of some of our high-speed electronic typewriters, perhaps 


R Maru 


was hung on its charging rack on the wall 





a cordless telephone. If the 
instrument were fully portable, there 





would be less need for strategically 


placed extensions; conversations 
could be continued even when it was 
room to 
this 


could be done. An induction loop 


necessary to move from 


room. ‘There are several wavs 











could be placed in the walls of the 





house and a pickup mounted in the 
Ihe 


house wiring might cause some trou 


handset. 60-cvcle hum in the 


ble but this could be attenuated by 

a high-pass filter, or avoided alto 

gether by radiating the signal on a modulated carrier and demodulating it at 
the phone. Or a radio frequency signal might be generated at some centt i] 
point in the house if it were possibl to shield the walls or limit the rang« 
to avoid pickup in neighboring homes or adjacent apartments. In either 
event, the audio circuits in the handset could be powered by a self-contained 
rechargeable battery. The batteries would be recharged whenever the phon 


R Maru 


was hung on its charging rack on the wall 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted 
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For Your Power Drive - Design + Application or Replacement Maintenance 


mrere'sa [= ap CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you standard tie-rod air and hydraulic, to the 
a cylinder of either air or hydraulic exclusive T-J Spacemaker, and including 
application—with practically limitless the recently introduced Squair Head, 
design specifications for bore, stroke, T-J cylinders give you more features 
pressure range and even delivery for efficient, long-lasting operation. 


requirement. From the time-tested, Write today! 


TOMKINS JOHNSON 
I cre Bo 


THE ONLY 
COMPLETE 


ae ne No. 64 for: SM-66-3 fo HSM6-58-4 
CATALOG standard tie-rod the incomparable for the High- 


air cylinders. Spacemaker Pressure Hydraulic 
LINE, Too! cylinder. Soacemaker cylinder 


cylinder 
THE TOMKINS-+-JOHNSON CoO. #4cxson. mice. 


CYLINDERS ¢ MILLING CUTTERS ¢ RIVETERS and CLINCHERS 





TYPES OF 
MOTION 


RADIAL 


DUAL 


RADIAL 


Expansion-joint tubing for big, tough jobs 


New AX Tubing by Anaconda is available in Bronze, Stainless Steel, and other 
metals and alloys—from 4/2” |.D. to 14” 1.D.—to handle axial and lateral movement. 


Need to compensate for contraction of piping suddenly cooled to minus 300°F by a 
large volume of liquefied gas? Want a bulkhead seal that “gives” with hull mov: 
ment? Do you need a special assembly like that above, which handles an offset and 
a combination of lateral and axial movement? Wherever you need large diameter 
tubing to take care of movement shown in drawing at left, or simple offset, writ 
Anaconda Metal Hose Division The American Brass Company Wate rbury 20 


Conn. In Canada: Anaconda American Brass Ltd., New Toronto, Ont 


ANACONDA’ METAL HOSE 
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DIALOGUE OF THE DEAF 


Sixty years ago, when riddles were a popular parlor game, one ran like this 
“What is it that no coachmaker wants in his product, but no coach can run 
without?” The answer is noise. 

In these 60 years we have come a long way from the riddle, the parlor and 
the coach, but we still have the noise—with compound interest. One of out 
editors has just moved from a front apartment in New York to a back one, to 
escape the roar of buses and trucks in the street. But at the back, his ears are 
assailed by neighbor air conditioners, hi-fi and the frequent low-level passing of 
helicopters. He’d have the same problem in the suburbs—airplanes, power 
lawnmowers and saws, sports cars and motorcycles. Even at the once-quiet 
beach he’d have outboards, inboards and portable radios. 

Typewriters, telephones, high heels, pencil sharpeners, air-conditioning ducts, 
fans, staplers, time clocks, subway trains, police whistles, garbage trucks, buses 
and scooters—the list is endless. Things are so bad that the City of New York 
is testing new sirens for its fire trucks—the present ones cannot be heard in 
the roar of traffic. What happened to the old concept that a well-designed 
product operates quietly? 

The public press, in an effort to compete for our attention, has taken up 
the same technique—more and more “noisy” headlines. Harlan Cleveland, 
dean of the Maxwell Graduate Schoo! of Citizenship & Public Affairs, recently 
wrote in the Saturday Review: “Consider the recent fiasco in Paris. If you 
go to a convention of newspaper editors these days, you will find them patting 
themselves on the back for the attention they gave to the abortive summit 
meeting. But that was just the trouble; an ill-prepared and ill-fated conferenc« 
was widely represented as fateful and historic.” 

Dean Cleveland didn’t mention the similar blare from the recent conven 
tions. Did you know that there were more newspaper, radio and ‘T'V peopk 
at both conventions than there were delegates? 

Maybe this much-vaunted age of communication has gone too far. We 
know that people who work in high noise-level environments slowly lose their 
hearing. If they are not protected, the damage can be permanent. Isn’t the 
same result evident in the international scene? Notes are exchanged and the 
news services dutifully paint their banner headlines so often that crisis follows 
crisis in an ever-rising crescendo of noise. No human can live indefinitely on 
the brink of disaster. Pretty soon the input channels lose their sensitivity and 
only the output channels function. We wind up with what Father Dominique 
Pire, a recent Nobel Peace Prize winner, called le dialogue des sourds, the 
dialogue of the deaf. 

We all forget that raising the voice does not make for greater understanding 
or better listening either. It is time, perhaps, to remember about the “still, 
small voice 


came cians 
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Where leak-proof operation is an abso- 
lute must, Garlock PK MECHANIPAK 
Seals are the ideal solution. 


MECHANICAL Easy to install and maintain. The 
SEALS Garlock PK MECHANIPAK is self-con- 
. . tained—no parts to “put together.’”’ 
in Design Rotating portion simply slides onto 
Engineering shaft; stationary portion positions 
quickly into counterbore of gland. 
Once the Garlock PK MECHANIPAK is 
installed, further adjustment is un- 
necessary. No parts of the seal move 
on the shaft or sleeve, eliminating 
wear on shaft .. . spring in seal main- 
tains contact between sealing faces. 


For rotating shafts of equipment such as 
centrifugal pumps, automatic washing 
machines, commercial dishwashers, 
gear boxes, and speed reducers, Garlock 
PK MECHANIPAK Seals offer these 
operating characteristics: 
PRESSURES—up to 150 p.s.i. with 
Buna-N or Viton? bellows 
TEMPERATURES—up to 212°F with 
Buna-N bellows; above 212°F with 
fluid at faces and Viton bellows 
SHAFT SPEEDS—up to 2000 f.p.m.; 
higher speeds possible depending on 
other operating conditions 
LIQUIDS—water, oils, alcohol, mild 
acids and solvents 
SIZES—for shafts 34” to 3” diameter 
H DRIVE — mechanical; install against 
Garlock PK MECHANIPAK * Seal shaftshoulder, sleeve, pump impeller, 


A Stettenary Seut—  D Cece or Shell 4 Glend snapring, stop collar orsimilar device. 


lapped face 





E Bellows 1 Gasket ; ; iti 
B Vibration Ring J Stop Colter Teo meet various operating conditions, 


C Seol Ring—lapped F Spring PK MECHANIPAK seals are made in 
face G Washer several different designs. For the com- 
— _ plete story, get in touch with the 
Garlock representative in your area. 

Call him at the nearest of the 26 sales 

offices of Garlock throughout the U.S. 

and Canada. Or write for Catalog 

AD-150. Garlock Inc., Palmyra, N. Y. 


GAR LO 


Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Co. 
Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


*Registered Trademark 
1Du Pont Trademark 
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PRODUCT 
ENGINEERING 


A SPECIAL REPORT 


Taking a high-speed motion picture sequence at 10,000 pictures 
per second. The subject is a Barden Corp Bartemp bearing rotating 
at 10,000 rpm. Without lubrication, the bearing can maintain the 
speed in an ambient temperature of 575 F. (See story in “Sig- 
nificant Components.” 


Shooting the picture is John Waddell (left), owner and president 
of John H Waddell Inc. With him is Arthur Dorman, industrial sales 
engineer for Camera Equipment Co. They're using the Waddell 
16-3 camera, latest in a series of innovations and developments 
by Waddell. While with Bell Labs in 1932, he helped develop the 
Fastax, first successful rotating-prism camera. Since then he has 
been associated with both Wollensak and Fairchild—two leading 
manufacturers of high-speed cameras. He gave valuable technical 
assistance with this article. 


High-speed Photography 


solves design problems FRANK E HALL, ossistont editor 


Ordinary movies record a sequence of P wh 
events. But high-speed pictures are a bet- 7 
ter tool for analysis—they stretch out the 

important split seconds. Thereby they 

solve many design and development prob- 

lems faster and cheaper than by analytical 

or mathematical methods. 


Copyright 1960 by McGraw-Hill Publishing Co., Inc., 330 W. 42nd St., New York 36, N.Y 





High-speed Sequence Solves an impact Problem 
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use the equipment under your conditions 
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in get equipment that 
But 
high speed motion p 
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frames) per second 


design problems fall within these limits 


will call ultrahigh 
re sophisticated research; 
Here 


greater 


) we 


isma jets, etc 


equipment are much For 
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yourself this doesn’t 


you'd quickly learn 


faces a variety of conditions 


in this 
ycture photo 
es . I 


25,000 frames 
peed This is 
complexity 


instance, 
peed cameras for engineering applica 


Time, millisecs 


FAST CAMERA VIEWS A PILE DRIVER IN ACTION. 
The double-acting 3-ft stroke steam-driven ram 
is pounding down a pile at 80 strokes/min., 
delivering 15,000 ft-lb of kinetic energy. Photos 
at 1600 frames/sec show a portion of the ram, 
with its housing cut away; a scale, mounted on 
it, that measures ram movement in feet and 
inches; and a white string serving as reference. 


Problem was to determine correct timing for 
release of steam pressure. Too long a dwell 
would waste time per pile; too short a dwell 
would mean the cam is pulling its punch—not 


to run it Speeds below 


men 
th rvices of a speed 
t dapted to han 
but 
d the 


1 pattern (similat 


which 
That’s rotating 
16- to +90-fps 
The only disady 


> Tps, at 150 f 


Dr1SI 
prism ¢ 


will take million 
irticle we will 
graphy’ efore we get 


ond 
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explosion studies 
cost? 
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ind price of to 
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average xamine? 
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11 
yblem 


ultrahigh-speed Her om 


, is priced at $40,000 and up 


Many goo 


going to do vou IT 


high-speed motion pictur ive 


delivering its totat energy. The six frames 
numbered here are samples from a sequence of 
520 taken during complete cycle. Graph gives 
only a rough approximation of displacement vs 
.time. A. more careful analysis of each frame 
shows exact moment when natural bounce of 
.the ram ends, and steam actuation begins 
raising it. Tests established optimum time that 
ram should be in contact with pile—0.01 sec 
minimum. This 15 M internal steam hammer 
was developed by Raymond International Inc, 
NYC; Photos by Charles Jantzen, Photographic 
Analysis Co, Clifton, NJ. 
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THREE TYPICAL PROJECTORS SUITABLE FOR 


HIGH-SPEED analysis. (A) Wollensak Spectro, Mc 
329A.B (8, 16 mm) projector operates at 16 an 
frames/sec. Has remote button for single-frame 
vancing at screen. Contains built-in frame coun 
Weighs 13% Ib. Price about $550. (B) Bell 

Howell 16 mm time-motion study projector opers 


rel 
dad 2 
ad 
ter 
and 
ates 


in conjunction with associated intermittent camera 
it 800 to 1500 frames per minute (13.3 to 25 frames 
sec) plus settings for 16 and 24 frames/sec. Hand 


crank is provided for single frame advance or reve 
Built-in frame counter. Price about $500. (C) Cam 
Equipment Co. Weinberg Watson Modification of 
dak Analyst Projector. Remotely operated at spe 
from 2 
and reverse. Built-in frame counter. Weighs about 
ib. Price about $1700. 


through 24 frames/sec. Single frame forw 
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IT STARTED WITH A GALLOP 


High-speed photography has come a long way 
in both speed and simplicity since the day Ead- 
weard Muybridge started it all way back in 
1872. He and a bunch of his friends at Palo 
Alto, Calif had an argument about a horse’s 
gallop. Muybridge took the unpopular side and 
bet that all four hooves left the ground for an 
instant during the horse's stride. 


To win his bet, Muybridge devised a technique 
for taking the first high-speed movies. He lined 
up 24 wet-plate cameras, with a separate trip 
wire to each shutter. As the horse galloped 
along, it hit the wires and tripped the shutters. 
The resulting pictures won the bet for Muybridge, 
and so fascinated him that he further developed 


the technique, and expanded his subject matter 
to dogs, cats, frogs, pretty girls, and himself. 
His book Autolocomotion is a classic in the study 
of anatomy. 


TYPICAL DESIGN PROBLEMS 
ANALYZED BY HIGH-SPEED PICTURES 


Meter operation 
Relay operation 


Spring operation Contact bounce 


Cam and 


follower Circuit breaker 


Tensile-strength Performance tests of appliances 
Escapement Timer operation 


Breakage 


Valve bounce 


Gear operation Camshaft operation 
Cavitation Fuel burning in cylinders 
Bubble-formation Sparkplug arcing 

Wind tunnel Film coating 








THE HIGH-SPEED CAMERAS—A SHOPPING LIST 
($5000 and under) 


Power Approxi- 
Speed, Film Read, mate 
Model frames/sec Size, mm 


Capacity volts Price, $ 


Beckman & Whitley, San Carlos, Calif. 
Dynofax 326 3000-25,600 lé60n35 33 in 115 ac 5000 
Magnifax 333 200-3200 16 100 ft 115 ac or de 1800 
Magnifox 334 (same as 333 except oscillograph lens added) 2500 
Cemera Equipment Co, New York 346, N. Y. (three of the six models available) 
Waddell 16-1 3-2500 16 100, 400 ft 28 de 1775 
16-2 200-6700 16 100,400 ff 115 ac or de 1850 
16-3 300-10, 000 16 100,400 ff 115 acor de 1850 = 
Fairchild Comero and Instrument, Yonkers, N. Y. Ceckman & Whitley Dynafax 326 
HS 100 32-2400 16 100 ft 28 de 1330 
HS 101 32-8000 16 100 ft 28 de 1650 
HS 401 10-8000 16 400 ft 28 de 3000 


Photosonics, Burbank, Calif (others are available above $5000) 
16 mm-4B to 1000 16 100, 200, 400 ft 10 to 50 de 1300 
Vough?, Los Angeles 46, Calif. 
VRP-16 125-1250 16 100, 200, 400 ft 27 de 1280 
Wollensak Optical, Rochester 21, N. Y. (o sampling of the 25 models available) 
Fastax WF! 300-16,000 8 on 16 100 ff 115 ac or de 1800 
Fastax WF3 150-8000 16 100 ff 115 ac or de 1800 
Fastox WF3T 150-6000 16 100 ft 115 ac or de 2000 
Fastax WF4S 350-9000 16 400 ft 115 ac or de 3550 
Fastox WF17 (same as WF3 except oscillograph lens added) 2250 


For comparison: this ultrahigh-speed camera from Beckman & Whitley, San Carlos, Calif 


Model 189 48 ,000 to 35 (25 100 ft 40,000 70(+60 
Framing Camera 4,300,000 pictures) for stand) 














Beckman & Whitley Magnifax 333 





Waddell 16-3 Fairchild HS-401 


Vought VRP-16 


Photosonics 16-mm-18 
(right) 


Wollensak Fastex WF17 
(far right) 





can be. Suppose you are asked to design high-speed 
paper-handling equipment such as a check sorter. You 
want to handle 25 checks per second. You must consider 
the various linkages—how much force will be on them, 
how much they stretch while in motion. Friction is hard 
to measure in this type of mechanism. And at just what 
point during the action are the forces applied? You can 
calculate all this, of course, but how accurate will your 
calculations he? Won't it really be design by trial and 
error? A high-speed picture sequence of the action can be 
analyzed frame by frame, and a curve drawn of time 
versus deformation. Improvement of design can be based 
on recorded fact—not analysis or guess. 


WHAT YOU'LL NEED 


It’s like buying any other precision tool. You must 
determine your requirements, which depend on what you 
want to use the equipment for and how much you can 
spend. Then you choose the camera, tripod, lights, film, 
and projector that best suit your requirements. 


PROJECTOR 


A major consideration when you choose equipment is 
the kind of analysis you need—qualitative or quantitative, 
and if quantitative, how precise. Qualitative 2nalysis simply 
means watching a superslow motion sequence of the high- 
speed action you are curious about. Here you can see 
stretched out in time what is happening in that split 
second. In many cases, this observation is sufficient to 
show you what was wrong. 

For instance, suppose you develop a relay and it passes 
all tests. You sell it to somebody who installs it in 
the autopilot of a commercial airliner. Months later, the 
plane has a narrow escape. Something happens to the 
autopilot and the plane dives 7000 feet before the pilot 
and copilot gain control. Now you suspect the relay. 
Could it have failed under the vibration conditions 
present? What do you do about it? Well, one thing 
you can do is take high-speed motion pictures of the 
relay while you vibrate it at various frequencies. After 
all, it is possible that part of the linkage could “float” 
at certain resonant frequencies, causing a malfunction 
Without the pictures, could you have been positive? So 
it might be an idea to include high-speed pictures in 
your next relay-development program—take the pictures 
before you sell the relay. 

In many cases, qualitative analysis may not be enough 
You may want to plot time versus distance to see just 
where the moving parts are at any given instant, how 
much they distort while moving, and how far they move. 
This is called quantitative analysis. As an example, graphs 
of time vs distance are very helpful when studying con- 
tact bounce. You take pictures, measure the bounce, 
make corrections, then take more pictures and remeasur¢ 
to ensure that the bounce is within your limits. 

If you plan to use qualitative analysis only, any standard 
projector of the same film width as your camera will do. 
For most problems that require quantitative analysis, usc 
one of the projectors shown on p 31. They can be run one 
frame at a time. You can plot your time-distance curves 
right on the screen, with accuracies to about 0.002 in. 
(on the film). However, if your problems require hours of 
detailed analysis, consider the motion analyzer—because 
standing at a screen, plotting curves for a couple of hours 
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expensive than th 


to 0.0001 in on 
the film). More expensive versions feed information di 
rectly into a computer. 


can be back bre iking 


projectors, the analyzer is more accurate 


l h ugh m 


CAMERAS 


When choosing a high-speed camera, ask yourself ques 
tions like these: What power do I have available? What 
speed ranges are important? In what kind of environ 
ment will I use the camera? Do I need an adaptab! 
tool useful for a number of different problems, or a 
more specialized tool because my problems are more 
repetitive? Is weight important? Do I need the clearest 
picture possible? What film size is best—8, 16 or 35mm? 

The tripod must be the best compromise you can find 
between sturdy construction and light weight 
ones for high-speed work cost a couple of hundred dollars 


The good 


If your problems are exceptional—requiring ultrahigh 
speeds to “stop” short movements in one plane such as 
some oscillatory motions—you may need a drum camera 
sometimes called a streak camera. It has no shutter and 
so does not take separate pictures; the length of fi 
shows a continuous streak, which is an excellent graph 
of motion. You can get separate pictures by using st: 
lights, which are commercially available with rates up t 
6000 flashes per second. Such cameras are on the mark 
but most are rather expensive. A few companies, such a 
Avco, sell drum cameras for under $5000 


LIGHTS 


For lights there are floodlights, flashbulbs, or xenon 
lamps; and in special cases, strobe lights. Then, of cours 


— 


there’s sunlight—which isn’t alwavs where you need 
FILM 


The manufacturer of the camera you choose will giv 
detailed advice as to what film you need, as well as th 
type of lighting best for your conditions. List, p 35, show 
off-the-shelf films available. Don’t be too concerned about 
ASA film-speed ratings. They are now in a state of flux 
with the film manufacturers trying to adjust the number 
to more realistic levels. To add to the confusion, the rating 
are not really appropriate for high-speed work; they wer 
established for amateur use 


PROCESSING 


One other item must not be forgotten in your appraisal 
processing. Whether you decide to do your own, or hire an 
outside processing service, is up to you. You cannot tak 
the film to the corner drugstore; it requires special tech 
niques and they must be good. Sloppy processing can 
knock quality out of the most carefully taken pictures. 


ACCESSORIES 


One of the most useful accessories is the power-control 
unit. Generally, each camera manufacturer supplies a con- 
trol unit for his camera. For the 115-v ac cameras that op 
crate throughout their speed range by voltage control, such 
as the Fastax, you can use any variable transformer with 
the proper output to cover lower or medium speeds. How 
ever, if you want to get higher speeds, the manufacturer 
recommends his own control unit Incidentally, som« 
engineers whose problems consistently require about 5000 
frames/sec, buy the Fastax WF-3 camera and plug it into 
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FASTER THAN HIGH SPEED, 
in action: Munro jet from a lined shaped charge is shown penetrating 
a glass plate (note cavitation at top of plate in bottom picture). Beck 
man & Whitley Model 189 Framing Camera shot the pictures at rate of 
1,250,000 per second on Plus X film 
long. Illumination was by single 


here's ultrahigh-speed photography 


Each exposure was 0.3 microse« 


argon flash. Camera will take 


pictures at rates up to 4,300,000 pictures/sec. A rotating mirror refl« 


the image through 


got Vv ac outiet Most 
which synchronizes camera and event or wi 
me behind the other 


ontro! units contain an 


HOW HIGH-SPEED CAMERAS WORK 


(he rotating-prism cameras are commercially available 


off-the-shelf items. The term “rotating prism” means the 
film moves continuously and the shutter is a rotating prism 

[he conventional movie camera moves the film inter 
mittently; each frame is rapidly positioned behind the lens 
by a claw-mechanism which stops the film while the 
mechanical disk shutter opens, exposing the frame. Then 
the shutter closes and the mechanism advances the film to 


+] 


next frame position. Obviously this mechanism has 
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45 individual apertures onto the film 


speed limitations—because of film strength and inertia of 
the mechanism. That is why top speed possible with this 
movement is about 400 frames/sec. 

The rotating-prism camera, on the other hand, can get 
up to about 18,000 because of its simpler mechanism. As 
the film moves continuously past the aperture plate, th 
subject image passes through the rotating prism and make 

synchronized sweep of the film. The prism can be 
2-, 4-, or eight-sided. With more sides, rate (frames pet 
second) is higher and exposure is shorter for the same rpm 
But more sides means a thicker prism—and possibility of 
more prism aberration, plus the problem of rotating 
thicker, heavier piece of glass at high speed. 


Some rotating-prism cameras incorporate a second lens 
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ANGLE-MEASURING SCREEN substitutes for 
standard square screen in this Vanguard Motion 
Analyzer. The rear projection viewer has a cross- 
hair assembly for measuring coordinate positions 
on the screen. It can advance, count (frames), and 
register the film. Measurements are read off dials 
in inches, tenths, and thousandths at the screen 
image. Accuracies are about 20 times greater than 
comparable projector-screen setup. Heads can be 
supplied for 8, 16, 35, or 70mm film. Price, $3000 
and up. Vanguard Instrument Corp, Roosevelt, NY 


FILMS COMMERCIALLY AVAILABLE FOR HIGH-SPEED WORK 
(with practical ASA ratings) 


KODACHROME (Daylight 
reversal color, 10D, 16T 
SUPER ANSCOCHROME (Tungsten or Daylight) 
reversal color, 100D, 100T 
black and white, 


or Tungsten)— 


DUPONT 928A—negative black and white, 
ASA rating 400D, 320T 

TRI X (Kodak)—negative black and white, 
ASA rating, 400D, 320T 

TRI X (Kodak)—reversal black and white, ASA 
rating 200D, 160T 

SUPER HYPAN (Ansco)—negative black and 
white, ASA rating, 500D, 400T 

Also, special films are available, depending 
on quantity and type desired. 


which, when focused on an oscilloscope, superimposes the 
trace on the regular image. When the film is projected you 
can analyze a mechanical action and its related electrical 
characteristics at the same time 

Some of these cameras are operated on 115 v ac or de; 
others require lower voltage dc (usually 28 v). Speed of 


the ac models is controlled by varying the voltage. For most 
de models you interchange motors (to change the speed 
range), then you vary the voltage within each motor’s 
range. On others you change a gearbox. One of the latest, 
more sophisticated (this means higher priced) models offers 


“automatic transmission”—push button to change speed 
None of the rotating-prism cameras immediately achieve 
the speed you set them for. A certain amount of film is 
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WHEN YOU NEED AN ANALYZER 


A motion analyzer would be very helpful in a case like this: 
Suppose you want to study the flow of water through a 
centrifugal pump. You replace the pump’s metal shroud 
with one made of transparent plastic so that you can see 
the moving water. To follow its flow you use small plastic 
pellets, say about 1/16 in. diameter. if you take pictures of 
the side of the pump you can see the pellets move along the 
X and Y axis, but not along the Z which points at the camera. 
So you split the picture: half will be the side of the pump, 
the other half will be an end view reflected by a mirror 
mounted at 45°. 

When you analyze this film, you have to identify each pellet 
in both halves of the picture so that you can follow its path 
in three dimensions. Without the special analyzer, analysis 
would be tedious. Because the action is not just one fast but 
repetitive cycle, you would have to identify and graph many 
pellets before getting a true picture of flow through the pump. 
Other problems requiring lengthy analysis are in spring studies 
and in vibration studies where you shoot a full roll of film for 
each frequency. 


FRAME-SPEED VARIATION DURING RUN 


09 
| 
| 
| 


2) 














used while the camera accelerates. In most applications, 
this variation from required speed is unimportant because 
the cameras all contain a neon timing light that puts 
timed pips on the film at constant intervals. W hen you 
analyze the film, you calculate interval between frames 
However, when you are studying self-luminous events such 
as fires, flames, liquid metals, etc., and using color film, 
pictures must be taken at a constant speed, to maintain 
constant exposure throughout the run. If speed varies 
exposure varies, and a trained observer can be misled by a 
difference in exposure of $ of an f stop. 

If constant exposure is an important need, request a set 
of performance curves from the manufacturer or calibrate 
the camera yourself to determine the exact portion of the 
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film which is run at constant speed. The chart on p 35 
gives a rough idea of how much film is exposed at various 
constant speeds during a 400-ft run. 


THE EXCEPTION 


Dynafax is the only high-speed camera listed that is not 
a rotating-prism type. The film moves continuously on a 
rotating drum. The drum contains 33 in. of film, and is 
run up to a constant speed. When a capping shutter is 
opened the image is reflected onto the film by an octagonal 
mirror which rotates in synchronization with the drum 
Therefore acceleration time is not a factor. And you can 
read the exact speed within 3% on the integral tachometer, 
or within 0.02% with an external electronic counter 


WHEN YOU PUSH THE BUTTON 


A high-speed sequence should cover only one action, 
possibly two, per roll of film. Locate the camera as close as 
possible to a right angle to movement of the subject. In 
general, choose a repetition rate that will give relatively 
clear pictures, then throw enough light on the subject and 
shoot the sequence. If at all possible, include a scale in the 
picture. This simplifies quantitative analysis because it gives 
a ready reference for plotting displacement. Here is a step- 
by-step procedure: 

1. Determine the speed of your subject in in. per sec. If 
you can’t calculate it, guess. 

2. Decide on a practical distance between subject and 
camera. This depends on many factors—size of object, mag- 
nification required, obstructions, possible danger from mov- 
ing subject, whether object can be damaged by heat of 
floodlights, space to operate subject, space to set up lights. 

3. Select a lens that will cover the required field. Use the 
chart supplied with the lens. Ideally, the subject movement 
should fill an imaginary oval that covers the center of the 
frame (field) and measures about half the height and width 
of the field. As a minimum, subject movement should cover 
at least 1% of the field. 


PROTOTYPE RELAY undergoes routine tests for a Fastax 
WF-3 camera shooting 8000 pictures/sec. The relay, oper- 
ating at 20 cps, is being checked for simultaneous operation 
of all contacts, degree of bounce, and exact operating speed 

Taking the high-speed movies is Charles A. Jantzen, of 
Photographic Analysis Co, Clifton, NJ, assisted by Charles 
Nunn, an engineer of Filtors Inc, Port Washington, NY, 
which makes this relay. Jantzen organized his company in 
1951 after 10 years with the experimental research lab of 
Fairchild Camera and Instrument Corp where he first used 
the Fastax Camera. (In World War II, Fastax was custom 
built by Bell Labs for defense work only.) Jantzen now 
contracts high-speed photography assignments for re- 
search, design, and development engineering. His tech 
nical assistance was drawn on heavily for this article 


4. Measure or calculate the width of field in the plane 
of the subject. 


5. Calculate repetition rate in frames/sec: 


frames per foot of film subject speed 
width of field 
Frames per foot of film is 40 for 16mm, 80 for 8mm. 

6. Select proper voltage or gear ratio for required repe 
tition rate. Use the charts supplied with the camera. 

7. Determine the number of lights needed for proper 
exposure. You can do this by trial and error, by special light- 
meter, or by loading the camera with film and looking at 
the subject through unexposed film. If you can see the sub- 
ject you have enough lighting. (This shortcut is for black- 
and-white film only. And camera must have integral, through- 
the-lens view finder.) 

8. Start the subject movement and turn on the lights (if 
the subject movement is repetitive). Otherwise, turn on lights, 
then let the control unit synchronize event and camera. 

9. Push the button. After all this preparction of selecting 
equipment, learning to use it, setting it up, etc., you are in 
for an experience when you do push the button. The result 
of this preparation is a z-z-z-t lasting 7/10 of a sec (for a 
repetition rate of 8000). That was 100 feet of film going 
by. 

If you keep within limits of the camera—its subject 
speeds, and subject-to-field-size ratio—analysis can be simple. 
If you shoot high-speed sequences that approach or exceed 
these limits, calculations for analysis can be quite detailed 
For example, if your subject movement requires a repetition 
rate that equals or exceeds top speed of your camera, blur 
in each frame will interfere with accurate measurements. 

One final suggestion: record photographic conditions and 
date on a log sheet for each roll. This helps avoid repeti- 
tion and waste, and can be useful for possible patent action 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y. 


EDITOR’S NOTE: For more informa- 
tion on high-speed photography, includ- 
ing special analysis procedures see: 

High-speed Photography in Design, 
Sep ‘52, p 167. Complete roundup of 
high-speed photography as it stood in 
1952. Table shows velocity of common 
events of extended duration. 

Visual Flow Analysis, Aug 55, p 154. 
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Describes use of schlieren and shadow- 
graph photography in turbulent-flow 
studies of gases. 

Analysis of Oscillatory Motion Using 
High-speed Photography, June 56, p 135. 
Studies of vibrating spring and motion 
of solenoid armature—timing, measur- 
ing accuracy, and film speed. 

Surge Waves in Compression Springs, 


Aug '57, p 167. Author uses drum cam- 
era to verify his surge-wave theory of 
springs. 

Drum Camera—Best Way to Put 
Motion on Record, July 21 ‘58, p 78. 
Author contrasts assets of drum 
camera with mechanical and elec- 
trical recorders and high-speed movie 
camera. 
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PRODUCT DESIGNS 


Hydrostatic Drive 


Gives Tractor 
More Power 


Design of this earth-mover eliminates 
usual transmission and reduces control 
levers from six to two. Unsprung three- 
point suspension assures constant track 


tension and improved traction. 





MULTIPISTON, variable-stroke pump for 
each track is connected to a hydraulic m« 
tor through a closed 3000-psi circuit. Fixed- 
stroke radial motors are directly coupled 
to the track drive sprockets 

Pump-motor combination for each drive 
procket has its own manual control lever 























which actuates the servo-operated pump 
swashplate. With controls in neutral (zero 
ope on swashplate), the tractor is hy 





_ SO0# . 
Gearbo draulically braked. Lever movement deter 


mines the direction and rate of travel. If 

they are moved in unison, tractor travels in 

straight line. Differential movement is used 

for steering; and displacing the levers in 

iS | oto opposite directions rotates vehicle on the 
| spot 

















| = wm ae he “ Boosted inlet circuit to the pumps is 
4 a A maintained at 100 psi, so no return springs 
arging valve : are needed on the pump pistons and cavi- 

O Check volves © Relief volves 











tation has been eliminated 

















TRACK SUSPENSION is articulated to take up slack without using 


springs as track deflects over uneven ground. Each track is supported PS . Rated drawbar is 15,000 Ib at 1.4 mph 


by a pair of independent walking-beam bogies and driven by a rigidly 
mounted sprocket. An idler pulley, mounted at the top of the triangular 
cage that supports the leading bogie, engages the upper track run 
Rocking of the front bogie on uneven ground produces vertical displace- 
ment of the idler. This compensates for length changes of the bottom 
track and keeps track tension constant. 
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max torque from each sprocket motor is 10,500 Ib 
ft. Modified jet-engine fuel pumps, displacing 10 
gpm at 20C0 rpm are driven by a 6.9-liter engine, 
developing 95 bhp at 2000 rpm. Tracked tractor 
was developed by John S. Burns, London, Englond 














PRODUCT DESIGNS 











Automatic 








Microfilm Developer 


Avoids Complexity 


Straight-line loading reduces operator skill 
required to a minimum. Controlled slack 
permits continuous daylight operation, pre- 
vents film breakage. 


vlice olor 
roller 

Squeegees 

sniiees 


Loading 
elevator 


Alarm roller 


MICROFILM passing through the processor is pre-rinsed, devel 
oped, rinsed, fixed, washed and dried automatically. A spray and 
sponge pre-rinse removes “dye-back” before film is developed 
Spray nozzles in the tank rinse film after developing. After im 

Leoder = mersion in a fixing bath, the film is washed, squeegeed and dried. 

Magazine section of processor contains the loading spindle, 

Hold-bock roller . cradle, roller, hold-back roller, alarm roller and film brake. The 

alarm roller, tripped by the end of the film, activates the film 

Loading spindle brake and a warning buzzer. With the brake applied, tension in 

the film increases until the loading-elevator begins to rise. The 

Cradle roller. operator splices on a new film, and developing continues. At the 

takeup end, the splice-alarm roller is tripped by the stapled splice, 
signaling the operator to remove the finished reel. 

Tank cover is raised and supported by a U-shape channel, which 
runs in a mating slide on the tank side. The lock supports cover 
during loading. The bottom film rollers are suspended from the 
cover by stainless steel strips. 


Film broke 
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roller 


Squeegees vA 


HAO 


YY 





DAYLIGHT LOADING 


eader tt il 


/ 
4 i ’ vator latch 


position. The dri 
p processor runs until 

















ind engagement of the 


The solenoid-operated fi 
Looding one an its end pass¢ 
elevotor Over lowered , 


inder the 
nounted on a rod protruding through the tank cover 

rise as soon as the brake is applied. With one 
of the leader clamped in the brake, and the drive roll 
pulling the film, the rising loading-elevator provides co 
trolled slack to prevent film breakage. This slack gives the 
operator 45 seconds to open the magazine, splice an uné 
posed film to the leader, remove the empty reel and insert 
i full one on the loading spindle. Closing the magazine door 
releases the film brake and the loading-elevator latch: the 
PS Processor develops, fixes, washes and drys 16-, 35- or elevator is lowered to the bottom position. Film tension is 
70-mm microfilm. Reels up to 100 ft long are developed auto adjusted by the holdback adjusting knob. which is turned 


levator start to rise, then backed off 


matically in normal room light. Machine answers need for rapid until the loading-e 
microfilm developing without complex darkroom equipment or until the elevator stops 
skilled operators. Film processed in accordance with instructions The splice-alarm buzzer signals the end of the leader and 
meets ASA and NBS standards for archival accuracy. Compact beginning of the processed film at the takeup reel. The filn 
processor is 14 in. wide, 51 in. high, 55 in. long and weighs 168 is cut at the splice and the leader reel removed. The film 
lb. Unipro is produced by Remington Rand, Div of Sperry is inserted into an empty reel which is installed on the tak« 
Rand Corp. up spindle. Successive reels of film are spliced to the film 
in process when the end of reel buzzer sounds. The cycle is 
repeated continuously with one operator servicing two or 
more film processors 
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PROPS FOR OPERATORS 


LAURENCE W BRULIN 
Design Consultant 
New York City 
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ARMCHAIR IS MCST COMFORT- For low consoles, with greater spread Versatility of posture chair suggests 
ABLE—ideal for small consoles with of control, the posture chair is best. use of rub rail and padded backrest to 
concentrated monitoring and control. Specify big wheels, spherical casters. permit complete change of position. 























Posture chair or armchair may be put High work area with limited leg room No foot recess, single display, and need 
on platform for high work areas, but calls for stool with foot shelf or rung. for occasional lateral movement might 
this restricts movement considerably. Offers standing room, side freedom. call for a stool perch with footrest. 
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A machine operator moves in four dimensions: in the three 
dimensions of space, and in the time dimension too. It 


is easy to be lulled into a sense of security 


by adding a few static outlines of an “average” man to 


the layout drawings, but operators are never 
“average” and they don’t use sketches to tell 


them how to sit. 


®@Men don’t sit lil he anthropometric d Tl 


ric diagrams her 
slump, twist, stretch, squirm, and insist on looking and 
moving into and out of the plane of the drawing. Men 
cross their legs, get eye lock, and suffer from circulation 
problems that make it necessary for them to shift their 
position from time to time 


r} 


A 20sec sit test in a mockup won't tell vou en 


An 8-hr simulated-equipment run more likely to 
conclusive answers to the important questions. Does the 
operator wear himself out getting in and out of a deep arm 
chair? Would a perch conserve his energy more? Do the 
restrictions of the operator’s position affect his alertness? 
Would the possibility of changing position improve this? 


&* 


A chair is not the only body support and sometimes 
it is the worst. Should the operator stand, lean, perch, 
squat? Will the operator be required to watch dials? 
How frequently? How widely spread are his monitoring 
responsibilities? Must he by flipping 
switches, turning knobs? Must he make pencil-and-paper 
calculations, write notes, use a microphone, talk or gesture 


to others? 


initiate changes 


The trick is to give the operator the most comfortable 








ry, 
eo. * 
/ 


Hh, 
7 








( 
ct 


+ 


+} 


job he has to do. In these sketches we 


rt with an armchair and the equipment that surround 


, and progress step by step to supports that can’t really be 


lled chairs at all 
You will be designing a dynamic work area 
me of the questions to ask yourself 


. } : } 
will dictate the 


Here are 
to a large extent 


answers seating arrangements 


: , 
Must the twist Ais body 

- } 
control? 


operator 
Frequent twisting is tiring 

Does he need a writing surface? How big? How should 
it be placed? Will it hold an ash tray, a coffee cup? 
Where are the instruments and controls? 

Can you map the areas of greatest operator acti 


lesser activity? 


W here should his eves an l he ad be for be st sight angles ‘ 
Does the operator have any other responsibilities? 
Have you provided enough leg and foot room? Can he 


lean on his elbows? 


How far will he have to move? How will he get there? 














For elevated display without leg room, 
try a folding bicycle seat, adjustable 
footrest. Note restricted 


seat. Useful 


movement dispersed and 
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when 


Minimum seating is provided by jump 
control 
monitoring continuous, give 





Actress’ rest board calls for high dis 
play locations to suit eye level. Will 
momentary respite duties 


areas are 
from 
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PROPS FOR OPERATORS 





Fence rail with padded top offers a 
variety of operator support while keep 
ing the eye level high. One or two foot 


Grab rails may be added for comfort 
and safety if much stooping or squat- 
ting is likely. They assist operators 
into and out of awkward positions. 


EDITOR’S NOTE: A combined reprint 
is now in preparation which will in- 
clude, among others, this article and 
the following ones previously pub- 
lished in PRODUCT ENGINEERING 


Designing the Product to Suit Human 
Dimensions, Sep ‘55, p 166—Dimen- 
sional data from many sources to 
measure human reach, vision, space 


enclosure, seating and standing 


Seat for Minimum Fatigue, Jan 13 58, 
p 36—A firm, flat seat was best for this 
lift truck. Included are dimensions and 
angles best for the average operator. 
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rods permit operator to hook heels or 
toes at several angles to relieve stiff 
ness and promote blood circulation 








Make sure operator can get arouné the 
ail easily from at least one side, that 
it ig sturdy, to take rough treatment 


No seating at all, yet the human operator will find support. 
Rub rail, padded elbow rest, and foot rails keep equipment 
looking new and relieve position strain, by taking part of 


operator's weight 


For Maintenance, Adjustment, Repair, 
What Size Access Openings? Dec 7 '59, 
p 62—The minimum dimensions that 
will accommodate the majority of re- 
pairmen. 


Operator’s Comfort Sets Vibration 
Limits for Equipment, Aug 31 '59, p 
412—An “annoyance” test given to a 
group of men and women sets specifica 
tions of machines 


Touch and Vibration Sensitivity, Nov 
‘56, p 177—Maximum and average fin- 
gertip and hand sensitivities to a vi- 
brating mass, plotted as a function of 
frequency and amplitude. 


He is rested without losing mobility. 


When Choosing Selector Switch Knobs, 
Dec 8 58, p 103—Right and wrong knob 
designs for readability, ease of turning 


These 3 Criteria for Readable Panel 
Markings, May 25 °59, p 55—Labels 
counters, legends, identifying tags 

all are functional on an instrument 
panel. Here’s advice on lettering, place 
ment and information content. 


Designing Control Consoles, Apr 13 ‘59, 
p 64—Guidelines to instruments and 
controls placement for time-saving and 
error-free operation. They also make it 
easier on the operator. 
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Where to look for those hidden causes of wear? Which properties 

resist these wear causes best? Here is an expert’s guide 
CHOOSING A METAL 
TO RESIST WEAR 


on what to look for when... 


J K ELBAUM, project engineer 
Technology Department 
Haynes Stellite Co 


First find out what cau the wear in a particular appli 
cation. Only then are you ready to decide on the material 
that will best resist the wear. But to pinpoint these causes 
is not so simple—because they show little wear, successful 
materials obscure the reasons why thev work so well. So 
sclection should be guided by experience from a _ wide 
variety of applications, both successful and unsuccessful 
And even this experience does not give hard and fast rules 
Choice of the wear-resistant material must therefore b« 
made by narrowing the number of candidates to those 
found successful in similar applications, and then following 
up by testing 

Wear takes on many forms. The more drastic ones ar¢ 
commonly called galling, fretting, abrasion and erosion 
Most often, wear simply shows up as a loss of material 
detected by a change in dimension. Like the friction that 
causes it, this type of wear can never be eliminated. ‘The 
chosen material can be considered successful if it does not 
suffer the more drastic forms of wear, and if loss of this 
material is held down to an acceptable minimum. 

Generally, materials for wear are selected by these 
tour steps: 

1. List the materials that fulfil the mechanical require 
ments of the parts 

Know the expected service conditions on the part. 

3. From 1 & 2, narrow the number by picking only 
those materials that have shown low wear in similar appli 
cations 


4. Test the materials in the specific application. 


Ihe more complete the details known about the pro 
jected wear, the easier it will be to decide why this applica 
tion is similar to previous ones. From there we can deduce 
the specific properties to look for 
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ANTICIPATED WEAR 


Details of the expected wear should pinpoint bearing 
tresses and temperatures at the wear surface. Over-all tem 


perature to which the part will be subjected is not realisti 


} 


| 
il heating may raise temperature of wear 


edge) over 1000 deg F above that in the metal o1 


; 


Lubricants lower wear by redu 


ontact, but many introduce ¢ 
top] f mn! } r} rc % ter 
self; for example, bearings in interna 


where the lubricants are contaminated 


‘ 


products and condensates. Coolants take 
the wear surface and reduce wear of cutt 


edges where abrasion cannot be avoided 


Smooth surfaces on both mating parts will reduce th 
friction that causes wear. Superfinishing, burnishing 


g-in” will red } for galling ’ ~_ 
running-m wi reduce Chances for galil ZW ana seizing 


’ 
But if faces are too fine, lubricants may lose their effec 


tiveness because they cannot wet and form an adherent 
film. 

How the part is made into its final shape also influence 
choice of material, especially if initial cost has to be low 
Machinable materials that can be heat-treated or surface 
hardened on specific areas can make intricate shapes at 
relatively low cost 


MORE THAN HARDNESS 


Within a given class of materials such as plain carbon 
steel, a hard material usually has longer wear life than soft 
material. But this simple-to-test property cannot be used a 
the sole criterion to judge resistance to wear. This is be 
cause it cannot show comparative wear resistance among 
different types of materials, or indicate when wear condi 
tions make other properties predominate. Depending upon 


the type of wear, such properties as temperature st ibility 
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TO RETAIN HARDNESS AND STRENGTH, these bearing parts ars 
made of hard cobalt-base alloys AMS-5373A and 5759. These bearings op 


erate at 1000 


at left). 


toughness, softness, corrosion resistance, dimensional 
stability, and metallurgical structure may supersede hard- 
ness in importance. 

Temperature stability is more important than hardness 
where high temperatures cannot be avoided. In a high 
temperature bearing, for example, original hardness be 
comes secondary if this hardness cannot be retained at the 
operating temperatures. This is also true for cutting tools 
where fast cutting speeds heat the cutting edge to red heat 
Similarly, sliding surfaces under high loads and high speed 
ire analogous tc cutting-tool wear. 

A high-carbon steel, quench-hardened and tempered, 
will soften if it operates above the tempering tempera 
tures (300 to 400 F). A high-speed tool steel quench- 
hardened and tempered at 800 to 1000 F will not soften 
until the operating temperatures reach these temperatures. 
At the same hardness level, tool steels will wear longer than 
the high-carbon steels. Cobalt-base alloys which derive 
their hardness from their composition are more stable, 
hence more .wear resistant, even though their original 
hardness is lower than that of a tool steel. Tungsten car- 
bides and sintered ceramic oxides resist softening at even 
higher temperatures, so they maintain sharp cutting edges 
even at higher cutting speeds. 

Toughness—high strength with resiliency—enables mate 
rials to absorb energy upon impact. This property prevents 
the material from chipping under local impact loads and 
tearing away from the part. Where particles impinge on 
the metal as in sand-blast equipment, and ball-mill liners, 
toughness should be considered first and hardness second. 

Softness in a material increases its ability to imbed 
particles. When the mating material must remain free from 
scratches, a soft material will reduce scouring by enclosing 
the abrasive particles. Soft materials, however, tend to 
deform under high loads, so loads should be low or dis- 
tributed over large surfaces. Some soft alloys like babbitt 
have hard particles within the soft matrix to increase wear 
resistance and to strengthen the alloy. In general, the soft 
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"as part of afterburner clamshell hinge (arrow in photo 


illoys like silver, tin and aluminum can carry heavier loads 
if deposited in thin layers on a steel backing. This gives 
wear resistance with load-carrying ability. 


SUCCESSFUL WEAR APPLICATIONS 


Babbitt, a soft alloy used for shaft bearings, is easily wet 
by oil to form an adherent film. It resists corrosion by 
lubricating oil. In its soft matrix, foreign particles becom« 
easily imbedded, thus preventing scoring the shaft. Hard 
particles in the matrix resist wear. Under severe condition 
the babbitt will not seize. Instead, wear is limited to the 
babbitt, which is considered expendable because it can be 
replaced at lower cost than the mating shaft. 

Steels (carbon, low alloy, tool, and stainless) present an 
extreme range of available combinations of strength, tough 
ness, and hardness. Hardness and strength may be increased 
by heat treatment or cold working at some loss in toughness 
and ductility. Except for the stainless varieties, corrosion 
resistance is not too satisfactory. Most grades cannot be 
used at elevated temperatures, because they lose properties 
and rapidly oxidize. Tool steels are readily machined while 
the unhardened steel is relatively soft. They are then heat 
treated for strength and toughness required in stamping 
and forming dies. 

Tungsten carbide resists wear by retaining strength and 
hardness under local heating. An example of a good appli- 
cation is wire-drawing dies. Here no ductility is required 
and the part is loaded in compression by shrinking a 
retaining block around the die. When the die wears, it is 
simply finished to a larger diameter, increasing its useful 
life. Similar service conditions also permit hard-facing the 
wear surface to give a part with combined wear resistance 
and strength. 

Bronze for bushings has high strength and toughness, is 
easily machined, forms adherent lubricant films, and is 
capable of absorbing heat developed by friction. Copper- 
base alloys generally have better resistance to corrosion 
than the steels. 
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SCUFF RESISTANCE is required in marine propeller shaft 
sleeve which rotates within bearing. Hardened steel sleeve 
at right is scored after 6 hr of testing simulated with sand 
and salt water, while Haynes Alloy No 6B with mirror finish 


shows only 0.003-in. we fter testing 


Cobalt-bas | , with th Dit t 
changes and retain hardness and strength at elevated tem 
given good service for 
speed slitting of cloth, rubber, leather, 


[hese 


friction heats the cutting edge 


peratures, have knives for 


ind other 


materials operate at high temperatures 


Cast iron is easy to chine, in initial 
has adequate strength and toughness. Moreover, 
(i Or details 


can be specified for certain types of wear 


I 
h structure to choose and how to specify them, see 
“When Specifying a Cast Iron,” PE—Oct 12 "59, p 65 
The nickel-base alloy (AMS 575 has the ability t 
retain strength and resist deformation under load while 


whic 


ng periods of tim 


exposed to high temperatures f 
Corrosion resistance to combustion gases and oxidation 
resistance contribute to success in rails and parts for 
furnaces. 

The cobalt-base alloy Haynes alloy No 6B has strength 


to resist deformation; resists corrosion by sea water; resist 


abrasion by sand and silt; has ability to resist softening due 


to frictional heat; and can be fabricated easily. This com 
bination is good for propeller shaft bearing applications 

SAE 52100 steel is relatively inexpensive and can be 
heat-treated for high strength, toughness, and hardness 


These properties are required in bearing balls and rac 


which must resist permanent deformation and have good 


fatigue life. This material does lose its properties when 


exposed to temperatures above about 500 F. Bearings for 
higher temperatures should be made of tool steels which 
Cobalt-bas 


alloys. whose properties are achieved by composition struc 


require higher temperatures for tempering 


ture and fabrication technique, retain their properties aft 


exposure to the service temperatures and have good resis 


ince to corrosion by a variety of environments 
SURFACE TREATMENTS 


Surface hardening of steel by localized 
irburizing, nitriding, cyaniding, or by similar 
gives a part with toughness in the core and higher 
ind hardness on the surface. Gea l] 
from wear by surface hardening 

of the gear 


loads. Metallic plates may be « 


remainder ductile so 


Thical, 


troplating, or vapor deposition to urface 


with the desired properties for resista 
Hard-facing by welding alloy la 
relatively inexpensive and requires 


tools to obtain wear-resistant surta 


nickel-base alloys are available for au 


deposition by gas or electric welding 


A recent development is depositing 
' 


methods. Pre-alloved nicke nd cobalt-l 


ngs provide wear resistance 
by welding methods—for exam] u shapes as 


diameter cylinders or irregular shapes. This method is pat 


ticularly useful for thin layers and the deposits may be used 
is sprayed or fused to eliminate porosity and ensure bond 
ing with the metal. 


heat sources, 


osit materials with 


ture 


| 


High-pressure and high-tempera 


is flame-plating and plasma jet, can d 


' 
high melting points, su h as tungsten carbide, aluminum 
oxide, and zirconium oxide. These are noted for thei 
resistance to erosion, and the ability to apply them as thin 


surface layers is a practical solution to many weat problems 


EDITOR’S NOTE: For more on the 
mechanisms of wear and how to pre- 
vent it, see the following articles: 

Plasma-are Plating, Dec 8 '58, p 104 

With working temperatures of 20, 
000 F plus, the plasma-are torch can 
melt any metal or ceramic you want 
to deposit. It has gone to work shaping 
such production parts from balky ma- 
terials like tungsten and molybdenum. 
Article gives data on coating proper- 
ties and design parameters. 

More Surface Polishing ... Less 
Galling, Nov 24 ’68, p 63—A precondi- 
tional surface is most important to 
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prevent galling of metals. These test 
results show why part should be 
“worn-in” before they take loads and 
why cast irons are less likely to gall 
than steel or brasses. 

New Coefficients Predict Wear of 
Metal Parts, June 23 '58, p 71—Analy 
sis of four different types of wear; 
simple formulas employing wear co 
efficients give answers that can 
lengthen life of a sliding system 

Plastics for Abrasion Resistance, 
Mar 31 '58, p 105—Wear depends on 
the particular application, but a quick 
test narrows the choice to the plastics 


given in the table. Article lists specific 
characteristics of elastomers and rigid 
plastics that resist abrasion best. 
Chromizing for Resistance to Corro- 
sion and Wear, Nov ‘56, p 180—How 
gaseous diffusion of chromium pro 
duces either ductile or hard surfaces 
on steel parts. Gives typical applica 
tions and shows how base metal 
changes character of the case. 
Flame Plating for Wear Resistance, 
Sep '56, p 202—Compares hard surfac 
ing with other process. Shows where 
surfaces of tungsten carbide are feas 
ible in production quantities 





how hydraulic couplings affect 


GEAR AND SHAFT SELECTION 


Torsionally flexible couplings “soften” 


peak loads, making it possible to 


reduce costs by using lower-classification gears and smaller 
drive components. Here are two new methods—based on Hook curves 


and an endurance diagram—that give greater precision in calculating results. 


JOSEPH SELIBER 
Fluid Drive Engineering Co 
Wilmette, iil 


T he cushioning effect of hydraulic 
px ik loads 


ng loads 


can reducs 
m shafts and gearing subject to frequent start 


couplings 


ind fluctuating running loads. The amount of 
cushioning required increases with the magnitude, dura 
tion and frequency of these load peaks; and these 


factors determine the service life 


samc 
wf gearing 

Gearmotors and gear reducers are designed for three le 
duty, the cost increasing with the 
Hook” curves rel 
ind f1 


when 


load classification 
ite the influence of load peak, duration 
n the classification 
of a 


ill cost on drives able to utilize high 


equenc\ A hydraulic coupling, 


it permits selection 


. 
lower classification, ma\ 


sult in a lower over 
ushioning 

To use the Hook curves, first determine the magnitude, 
luration and frequency of peak loads by means. of a record- 
ing wattmeter. From the pattern of the peak loads, deter- 
mine the peaks per hour, and the max magnitude and dura- 
tion of the peaks. Using peaks per hour and average 
duration, Hook curves give allowable load rating for each 
class of gearmotor. This rating, compared with the average 
load from the wattmeter curve, will then determine the 
lowest cost gearmotor for the installation. 

Line shafts are designed for max allowable stress ampli 
tude, and the endurance diagram shows stress amplitude 
to use in calculating shaft diameters. When hydraulic 
couplings reduce peak loads, shaft diameters and bearing 
size can be decreased, and cost reduced. 

To use the endurance diagram, first determine the max 
and min torque from a recording wattmeter. From these 
calculate the mean torque and torque amplitude which 
can be used to determine the stress amplitude from the 
cndurance diagram. Using a recording wattmeter in this 
manner for drives with and without a hydraulic coupling 
gives a comparison of shaft sizes required in each case. 

These methods 


Hook curves for gearmotors and en- 


durance diagram for shaft diameters—are helpful in the de 


sign of a drive 
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frequency, 


tions down to 5 seconds: 


; 
oO 


ire not AGMA Ippro\ | for separat 


can 


r¢ 


the 


ecify 


parallel-shaft g¢ 


iI 


GEAR CLASSIFICATION 


Hook gearmotor clas 
American Gear Manufacturers 


variation of 


sificati 
Association 

of 
peak loads for concentric 
AGMA 


curve 


curves g yn 


The 


illowable intensity shock 


ind duration of } 


irmotors 


+ second estimated While these 


irc 


speed reducers 


I 


be ipplied to all spu herringbone anc 


I drives 
The table of fact 
fluctuating input torque of a 


next page shows 


n internal-combu 


TWO TYPES OF LOAD 


Hydraulic couplings are applied in two general lood 
situations: 


1. Rate-determined Load—in which a slight reduction in 
rate of doing work produces a large reduction in torque 
peak. 

2. Process-determined Load—in which a slight reduction 
in rate of doing work has no effect on torque peak. 


With rate-determined load, hydraulic couplings can 
reduce component size with almost no effect on total produc- 
tion. For the process-determined load, the hydraulic coup- 
ling must transmit the full torque in order to perform the 
process function. In such a case, the hydraulic coupling 
will have no effect on stress amplitude, but may reduce the 
peak stress due to inching or jamming. Between these two 
general load classes there are a variety of combinotions. 
These include “constant torque peak—shorter duration”; “re- 
duced torque peak—reduced duration.” In each of these 
cases, savings in component size or, conversely, extension 
of component life, can result. 


+ 


The 


witl 


] 


il 


tho 


; 


standards cover du 


} 


} 


< 


standard 


1e1 


1 he 


iT 


shown for durations down 
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Hook Curves 
Allowable Peak Load for Gearmotor Applicotions for 
Peoks of Indicated Duration he 








drive with 
ratings for uniform 
moderate shock are Clas 
Class II] 
The AGMA publishes a list o rious types of mach 


ind the classes in which they probably lie. However, 


uch list is necessarily incomplete and not as spe 


is the Hook curves in the evaluation of the classificatio 


Individual judgment is needed to determine which li 
} 
1\ 


| 
machine most close ipproximates the particular mac! 


under consideration 


; 


For example, if an electric motor and a separate redu 
ire to be applied to a mixer having a 20-hp load with 
Class II rating, according to the 1.25 service facto 


table of service factors the reducer selected must have at 
least a 25-hp Class I, or a 20-hp Class II rating. On th 
other hand, a Class II rating according to Hook curve 
has a steady-load application of at least 140%. This mean 
that a 20-hp gearmotor must have a speed reducer rating of 
28 hp AGMA Class I. Naturally, the 28-hp reducer ma 
be larger or more expensive than the 25 hp reducer previ 
ously determined. Since both methods of computation 
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Ne fluid-drve 
™ stress-omplitude 


‘Torsion 
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Endurance Limit, Psi x 10° 





60 80 


Endurance Diagram 
for SAE-3325 Steel 








SERVICE FACTORS FOR ENCLOSED SPEED REDUCERS 


Prime Mover 


Electric moto 
or 
Steam turbine 


Duration | Load | Moderate Heavy 
Hours Day| Uniform | Shock Shock 


Up to 














% Motor Torque (From Wottmeter) 


ua 


/5 min —__—_—_—-spo——_—_——_ /§min = 
Time 
Chart I 
a Motor Torque (From Wottmeter 


150 


Bw ee See | 


50 
- 15 min a /5 mn ————4 
Time 
Chart I 


Motor and Hyd Coupling Speed 


1800 


iol; ry oa —_ } f 2 se 


%Shp Motor Speed 
1400~ | 85% lood=Siftb 38 1765 


00% load=60ft-lb 4.5 760 
d=84 ft-lb 7.8 68 3 


a 
SSL lv ne 


150 : VU 
“ 
50 


15 min 5 min 


yf the reducer, shafting, be 


s when applied to either a chain 
Solution i—Chain Drive 


Obtain recording-wattmeter readings for a number 
paddle mixers in the field and summarize the data as shown 
in Chart I. Select a typical mixer with average perform 
ance, install a hydraulic coupling between the motor and 
reducer, and summarize the new wattmeter data as shown 
in Chart II. Comparison of the data obtained from these 
charts is shown in Table I. Inertia effects are relatively 
small and not shown 

These data now permit comparison of the installed cost 
of a Class II reducer with corresponding cost of a Class I 
reducer and a 20-hp hydraulic coupling. For example, an 
AGMA Class I 28-hp reducer may have an OEM net price 
of $900, while an AGMA Class I, 20-hp reducer may have 
an OEM net price of $700. The cost of the hydraulic 
coupling is $120. Net saving would be $80 in terms of first 
ost. Other factors, such as elimination of breakdowns duc 
to improper loading and additional maintenance required 
by the hydraulic coupling, also affect the decision. 


Solution Il—V-belt Drive 


Data in Chart I is used here to represent typical mixer 
without hydraulic coupling, and data in Chart III repre 
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ZO hp-/760rom 
i SS 


+ 


Fy lexibve 30:/ ratio double- 
coupling reduction speed 
om i” | reducer 
HERTS RE de ++ e 


_—Se 


} | 
— — a — 


Hydraulic coupling 











Arrangement of Hydraulic Coupling 
for Chain Drive 


30 Rp-/760 Rom - 58-62P0 Hydreulic 
motor couping 





5 belts 
-$8-200PD 








Arrangement of Mpereie Coupling 
for V-belt Drive 


sents comparable data of V-belt drive with hydrauli 
oupling. In this case the peak torque cannot be assumed 
proportional to the recording-wattmeter reading, becaus 
with a pulley-drive, the motor speed may vary quickly over 
1 10% range due to load variations that produce dynamic 
torque effects not previously noted. This is why motor 
speed data must be included in Chart III. 

In Table II the torque is determined from the equation 


WAN 
308 t 
Where 7'4 = dynamic torque, ft-lb 
W = weight, lb 
r = radius of gyration, ft 
N = motor-speed drop, rpm 
t time, seconds 


T.= 


he total torque is the sum of static torque T, and th 

dynamic torque, T,: 

T=T.+Te 
he static torque is obtained from the wattmeter record 
ing. 

With this data Table II is prepared to show the inertia 
loads and the resulting total torque which, though con 
siderably greater than the values shown in Table I, still give 
the same reducer classification. The choice of chain o1 
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TABLE | 


COMPARISON OF DATA WITH AND WITHOUT HYDRAULIC 
COUPLING 
(CHAIN DRIVE) 





Without Hydraulic With Hydraulic 
Data Coupling Coupling 





Primary Peak Torque 200% 140% 
Duration... . 2 sec 2 sec 
Frequency 40 per hr 40 per hr 


Secondary Peak Torque 125% 100 
Duration Approx. 4% sec Approx. % sec 
Frequency 400 per hr 400 per hr 


Class of Reducer Required Class | 28 hp 


or class ll 20 hp 


Class | 20 hp 


Cost 
Gear 
Coupling 


Total 








TABLE Wi! 
COMPARISON OF DATA WITH AND WITHOUT HYDRAULIC COUPLING 


(CHAIN DRIVE—SHAFT-SIZE CALCULATION) 





Without With 
Data Hydraulic Coupling Hydraulic Coupling 


Torque, tb-ft 
T . 


3500 X200% =7000 3500 X140% = 4900 
3500 X 60% =2100 3500 X 85% =—2980 
7000 +21 
2 00 _ 4550 4900 +2980 5040 
2 2 
7000 1 49 
C 2 00 - 3450 00 — 2980 960 
2 2 
Max Stress, psi 53 ,000 53,000 
Mean Stress, psi 34,000 43,000 
Stress Amplitude, psi 19,000 10,000 
8116 12(7000 —21¢ [16 12(4900 —2980 
Shaft diameter, in. so 19,000 - ) | ~ f 3000 


3.21 we 3% 2.91 use 2 15/16 











TABLE 
COMPARISON OF DATA WITH AND WITHOUT HYDRAULIC COUPLING 
(BELT DRIVE) 





Without With Hydraulic Coupling 
Hydraulic — a 
Coupling Driver Side Driven Side 





MOTOR INERTIA, Ib-ft* 5.68 5.68 
20 hp- 286 U Frame, TEFC 
MOTOR SHEAVE 

58-6.2 P.D 

5 BELTS 

smallt-neglect 

REDUCER SHEAVE 
58-20.0 P.D 

(relative to motor shaft) 
Hydraulic Coupling 

inner member 

Hydraulic Coupling 

ovter member 

Total inertia, Ib-ft* 85 4 44 


65-1680 


Speed Drop, rpm 

(6.44) (85) 
5 

(308)(0.2 (308)(0.25 


(4.43)(149 
Dynamic Torque Ib-ft 





Total Dynamic Torque 
Static Torque, ib-ft 


Total Torque, Ib-ft 


% load 





Reducer Closs Cless 1! 20 hp Cless! 20 














mounted reducer costs more because of the higher torque 
rating, but over-all installation is less costly, more compact 
and smoother operating. The comparisons given between 
l'able I and Table II indicate the effect of pulley inertia 
and show how much shock torque passes through the 
hydraulic coupling. 

Frequently, a Class III type of loading can be satisfac 
torily changed to a Class I loading if the fluid coupling is 
adequately “softened.” Heat rejection data should be used 
to estimate the max slip tolerable and the fluid coupling 
marked in the field with a new oil level, so that mainte- 
nance-department mechanics will be aware of proper oil 
level once the unit has been in operation for some 
time. A full-load slip of 10% for the 20-hp motor de- 
scribed previously could safely be used in actual service 
his is based upon a heat rejection of 2.2 hp from the cou- 
pling housing. The slip at peak torque would increase from 
7.8% to approximately 16%. This high degree of softness 
may appear to be a disadvantage since it increases the 
dynamic torque; however, the peak torque on the watt- 
meter may be reduced more significantly. 


ENDURANCE DIAGRAM—METHOD 2 


Any successful application of a hydraulic coupling to 
reduce peak torque on a speed reducer naturally suggests 
the possibility of reducing the size of the driveshafts, bear 
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ings, and other drive components. The endurance diagram 


shown on p 47 is a convenient method for illustrating the 
relationship between the endurance limit, which is a fully 
reversed rupture stress, and the elastic limit. For parts 
under fluctuating stress, the stress amplitude is the proper 
design parameter. Safe stress amplitudes are closely related 
to surface conditions, stress concentrahon and size factors, 
the discussion of which is beyond the scope of this article 
Fully reversed stress limits for SAE 3325 chrome nickel 
steel, shown in the diagram, are 51,000 psi bending 
40,000 psi tension or compression, and 30,000 psi in tor- 
sion. Usually, stress variations are not fully reversed. For 
example, a load variation in torsion of between 25,000 
and 10,000 ft-lb can occur in a line shaft. This torque 
range can be considered the sum of a steady torque of 
17,500 ft-lb and a completely reversing torque of 7500 
ft-lb. The steady torque is termed the mean torque, T,; 
and the reversing torque is termed the torque amplitude, 
I’,. If T, is the max torque and T, is the minimum torque 
then T,, is the average of the maximum and minimum, and 
I’, is the average of their difference. The endurance dia 
gram has a limiting stress that corresponds to the elastic 
limit of the material, which is usually the max stress that 
can safely be imposed on a part. For example, in a mean 
L3 th} p | 
obtaining maximum 


stress of 30,000 psi would allow the use of 


torsional stress amplitude, thereby 
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TORSIONAL-FLEXIBILITY RATINGS OF MACHINE-DRIVE 
COMPONENTS (20 hp, 1800 rpm) 


Dynamic 
Cushioning 


HYDRAULIC 


Constant-fill hydraulic coupling 
Variable-fill hydraulic coupling 

Torque converter 

Positive-displacement pump and motor 


MAGNETIC 


Eddy-current coupling 
Permanent-magnet coupling 
Magnetic-particle coupling 
Friction electromagnetic coupling 
High-slip ac motor 

Normal-slip ac motor 

Series de motor 

Shunt de motor 


N—-N— — NNN 
NUNGUaGaOnN 
oOo-ONNOO 


MECHANICAL 

Friction-slip clutch 

Resilient load member, flex. coupling 
and drive spider 

Dry “fluid” drive 

Elastic cord “V" and flat belt 

Steel cord “V" and timing belt 

Centrifugal clutch (shoe or wedge) 

Chain (silent, roller) gear 











of 53,000 psi and a minimum stress of 7000 psi 
lor a shaft turning at 1200 rpm there are 72,000 com 


ssion peaks and 72,000 tension peaks per hr, which 


means that in the endurance diagram the duration of peaks 


f 


of max stress is virtually instantaneous and the frequency 


s higher than corresponding peak loads in the Hook curves 


Solution IIl—Endurance Diagram 


Data in Charts I and II are used here to represent the 


es with and without hydraulic coupling. For sim 
city only torsional loads are used in calculating the siz 
haft that is required in each case. For 20 hp at 
rpm, the torque is 3500 Ib-ft 

designing solid shafts, th haft diameter 


} 


mined from the equation 


3 fi 
6 
D \ 
dia of shaft, in 
Over-all safety factor 
Stress amplitude, psi 


I'he over-all safety factor is actually a function of 
other factors 


Xx K,) /e.e: 


Where n safety factor 1.5 
te stress concentration factor 1.00 
es size factor = 0.75 
r surface factor 
‘ (1.5 & 1.00)/0.75 & 0.95 2.11 
In the endurance diagram a line is drawn for each case 
with the slope equal to (T,, + T.)/T, with the stres 
amplitude as indicated. The resulting difference in the 
diameter of the shafts required as shown in Table Ill 
is substantial, because in this case the shafts are 20 ft 
long. Similar savings can be made in reducing the size of 
the bearings and the paddles, and these savings in no 
way affect the life of the mixer. In fact, the hydrauli 
coupling provides additional desirable features, such as 
torque limiting, reduced motor surge on starting against 
1 dead load, and the ability to cushion heavier loads than 
without a hydraulic coupling 
Qualitatively it can be seen that the higher the elastic 
limit (in the endurance diagram), the more effective is 
the reduction in stress amplitude due to cushioning. Thi 
is advantageous for installations where smaller shaft and 
ponent sizes are more important than actual savings 
[his analysis is not limited to hydraulic couplings 
Any torsionally flexible coupling or drive means could pro 
vide these advantages to the degree shown in the adjoining 
table. Each type is rated for relative cushioning effect and 
cost. Dynamic cushioning shown is considered as a func 
tion of torque, deflection and driven-member inertia. Note 
that for each factor the scale ranges from | for lowest valu 
to 3 for highest value 


EDITOR’S NOTE: Other articles on hydraulic couplings 
and acceleration devices 

Controlled-acceleration Devices, Mar 3 ‘58, p 75. Gives 
detailed comparison chart of characteristics for ac indu 
tion motor with low-density winding, dry-fluid and hy 
draulic-fluid couplings, magnetic disk and magnetic-particle 
clutches, eddy-current and permanent-magnetic eddy-cur 
rent clutche 

Overload Protection for Geared Drives, Dec 7 '59, p 82 
Analyzes dry-fluid drive operating characteristics for sud 


den overload stalls of geared drives. 
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ENGINEERING 
TORSION-BAR DESIGN 








This nomograph supplies values for mass moment of inertia of torsion bars—or 


any round or rectangular bar. Nomograph in the Aug 8 issue solved for dimensions 


and stress. 


D A DERSE, design specialist 
Weston Hydraulics Ltd 




















Answers read directly off the nomograph are for torsion bat 
fixed at one end, made of material with a density of 0.28 SYMBOLS 
»/in.* For other materials, multiply moment of inertia | 
density/0.280. If the bar isn’t fixed at cither end. double th a Half width of rectangular bar, in 
val ‘ . - 
value of I b Half height of rectangular bar, in 
Diameter of round bar, in 
Example 
] Effective mass moment of inertia, |b-in.-se« 
Find moment of inertia of a circular torsion bar with diameter h of 
- - ngth of bar ‘tween restraint an lane 
0.50 in., length I 26 in. Draw two lines intersecting / cngee Gi bar & = . . _— 
where torque is applied, ir 
it right angles on a pic of transparent paper or plastic. Lin 
' ap ase 1} ™ 
p the cross on the three knowns on the nomograph and read M Mass of bar, Ib-sec*/in 
ff I 5.8 x 10° Ib-in.-s 
TY rTTIT y TTTT TTI 7 2 T TT — 
: | 2 3 456 819 2 B 456 B99 2 3 456 8, 


Length L,in 
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Lower Cost... Cut Maintenance ... Lengthen Die Life 


‘ BRONZE-PLATED 
UIDE PIN 
BUSHINGS 


Bronze-Plate on hardened 
steel for strong, free-run 
ning, non-galling bushings 


Bushing Bore ts straight and 
Wring-Fit Bushings assure concentric. Factory finished to 
distortion-free assembly Class 1, 2 or 3 fit to-meet 


in die shoe your requirements 


Positive clamping provides 
holding strength of 2 to 5 
times that of press fit 


Ground shoulder of bush 
ing seats on finished sur 90° Bushing 1.D 
face of die shoe for posi- , 
tive alignment 


is 
square to finished surface 
of die shoe 
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AMINA bronze-plated, wring-fit guide 
U pin bushings are honed on the I.D. 
for accurate geometry, precise dimen- 
sions and to provide the best surface 
finish for lubrication. Bushings are wring- 
fit in die shoe to assure distortion-free, 
full-bearing surface that results in better 
die alignment, less maintenance and 
longer die life. In addition the Lamina 
method of clamping bushings to die 
shoes provides holding strength of two 


CIRCLE 52 ON READER SERVICE CARD 


to five times that of press-fit bushings. 
For more accurate press operation, higher 
production and lower maintenance costs 

standardize on Lamina, the originators 
of Bronze-Plated Guide Pin Bushings. 

Lamina also manufactures: Steel Bush- 
ings and Guide Pins, Bronze-Plated 
Wear Plates, and Bronze-plated Parts. 
Complete facilities for the manufacture 
of steel or carbide precision dies (lamina- 
tion, progressive, transfer, etc.). 


DIES AND TOOLS, INC. 
BOX 31, ROYAL OAK, MICHIGAN 
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K factor for 
IMPACT LOADING 
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This allowance for loss of energy on impact gives more accurate values for 


stress and deformation. 


S WARREN KAYE, 
Missiles Systems Div, Raytheon Co 
Bedford, Mass 


UW sual formulas for impact loading assume complete 
recovery of the kinetic energy of the moving body. This 
isn’t so. Some kinetic energy is dissipated. The K factor 
in following equations is a measure of this energy loss. 

The corrected formula for deformation and stress 
with vertical impact is 


d;/d = S8;/8 1+ vil + 2Kh/d 


The corrected formula for deformation and stress with 
horizontal impact is 








SYMBOLS 


Deformation for static loading, in. 
Deformation for impact loading, in 


Initial height of striking box y above struck 
body, in. 


Impact-loading factor 

Mass of striking body, lb-sec*/in 

Mass of struck body, Ib-sec?/in 

Stress in struck body for static loading, psi 
Stress in struck body for impact loading, psi 
Velocity of striking body, in./sec 
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Air-pressure regulator .. . 

uses regulated pressure (rather than supply pressure) to actuate pilot, feeding it through 
sh-gain servosystem in which main-valve action is controlled by pilot nozzle. Regu 
ed pressure provides upward thrust against main loading diaphragm. Relief valv 
llows excessive air to escape through radial opening in spacer ring between pilot and 

loading diaphragm. Downstream regulated pressure moves up into control chamber and 

surrounds stainless steel pressure-measuring capsule. Total stroke of pilot valve is only 
001 in, Available in 2-25, 3-60, 3-120 psi ranges for $-, 3- or 3-in. NPT pipe. Priced 
ympetitively with other pilot-operated regulators. Stocked at 15 points throughout US 

Lexington Controls Inc, PO Box 132-J, Burlington, Mass. 
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Circulating lubrication system . . . 

pumps lubricant through machine bearings at controlled rates and returns it for filtering 
ind reuse. Pressure switch prevents machine operation until proper oil pressure has been 
developed. Three basic, motor-driven models available include unit with 2-gal reservoir 
that provides continuous oil delivery; second unit, similar to first, but equipped with 
second outlet connection through which oil is delivered cyclically in controlled quanti- 
ties; third model with single outlet and 4-gal reservoir for small machines. All include 
settling chamber and filter. In 2-gal reservoir beg pump has maximum delivery of 
50 cc per min. and is designed for use with }-hp motor in NEMA 56 frame. Bijur 
Lubricating Corp, Rochelle Park, NJ. 
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Pulse lubricator . . . 

for compressed-air-operated equipment 
operates On pressure variations (pulses ind 
is independent of airflow rates and dura 
tion of flow periods. Because outlet end 
of oil delivery line can be placed in any 
location, oil delivery to exact spot desired 
is possible without requiring auxiliary pres 
surized oil supply Delivers metered 
amount of oi and controls amount of 
feed, from one drop every three or 
pulses to one drop every 100 or more 
pulses, even when equipment is located 
overhead or when airflow through lub: 
itor is very low and/or infrequent Price, 
$10 per pulsng unit. Also availabk 


shown, installed on 3 and 4 in. pipe 


lubricators (one to four units can be 
utilized Hannifin Co, Dept 126, Des 


Plaines, Ill. 
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Miniature check valves .. . 
are for high-pressure hydraulic applications 
Made in 4 through 1 in. OD tube sizes 
with flared or flareless tube fitting ends 
valves have rated operating pressure of 
3000 psi, with zero leakage. Proof pressur 
is 4500 psi; burst pressure, 7500 psi; crack 
ing pressure, 2 to 8 psi. Internal leakag: 
is zero at 1000 psi; 3 cc per hr at 5 psi 
Temperature range is —65 to 450 F, Flow 
ranges from 1.2 gpm for } in. size to 29 
gpm for 1 in. size with pressure drops 
said to be below 15-psi specification limit 
Stainless steel is standard valve material 
Weatherhead Co, Special Products Div, 
300 FE. 131 St, Cleveland 8. 
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High-temperature bearings .. . 
see cover) operate at temperatures trom 
-100 to 575 F and are reported to run 
without conventional lubrication. Retainer, 
made of a machinable material, serves both 
as solid lubricant and separator for balls. 
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As bearing rotates, balls rub off some of 


the retainer material, depositing a light 
coating of dry lubricant on raceways. Ax 

cepts axial and radial loads up to 2 Ib 
Stainless steel bearing rings undergo heat 
treatment to maintain hardness and dimen 
sional stability 
beyond. 


usual motor and blower speeds 


at operating 
Bearings 


temperatures 
driven at 
Life tests 
indicate that bearings consistently run over 
1000 hr at 575 F. 


bearings, 


ind can be 


Limited quantities of 
angular contact types H or B 
open or shielded, 
at $15 
bury, Conn, 
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are offered for prototype 


testing each. Barden Corp, Dan- 


Fluid coupling 

when applied to power source opt rating at 
onstant speed, makes it possible to vary 
utput 


control, 


speed or torque Provides sp ed 
between 
self-con 


plumbing 


shock-free, 
Unit is 
external 


said to be 


power source and load 


tained, with no 
Available in range of shaft designs 
for 3 to 60 hp; $18\ list. Normal 
delivery, 30 days. Hydraulics 1709 
South Blvd, Parsons, Kans. 
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quired 


) to $900 


Inc, 


HIGH SPEED (PH) 


Cushioned flexible coupling... 
onsists of pan-shaped rubber member sup 
ported on side by flang 
ind with larger OD bolted 


Designed for speeds 


one type clamp 
to steel disk 
up to 23 pm; 
47 hp per 
100 rpm and with bushings to fit shafts 
up to 4-in. dia 


is like high-speed model 


offered in sizes to deliver up to 
Second type of coupling 


but larger OD 
bolts directly to flywheel of internal com 
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made in ! 
standard SAI 
High-speed 


[ 


bustion engine. These are 
to fit bolt circles of most 
194 in. dia 
models are $155 to $550; flywhe 
S80 to $300 Most trom 
Dodge Mfg Corp, Mishawaka, Ind. 
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flywheels to 


SIZCS 


25-gpm stacking valve —— 


s offered in series- or parallel 


with 10 or more 
Stackec | 


] 
Vaives 


operatin 


issemblies I 


ments 
clief 
valves. Can 

manual or n 


olenoid, rem« ilot 


ombination 
iriations can bi ml 
stack. Pilot pre 
or external. Built-in flow 
dependent adjustment of 


al control 
ithe d in 
valve in be 
feature allo 
ylinder speeds 


either direction. Remote operation of valv« 
is accomplished by solenoid-controlled 
pilot valve, which can be used separately 
$-in. subplate-mounted unit ontit 
ous duty pressure rating is 3 
valve is said to withstand inten 

ures to 50 psi It has ¢-in ught 
thread porting for §-in.-OD tubing. Mo 
bile Div, Racine Hydraulics & Machinery 
2000 Albert St, Racine, Wis. 
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Inc, 


Detachable V-belting 

is made synthetic blended 
Said to offer inc 
longer life and to reduce 
and vibration 


with 
yarns reased horsep 
ratings, 
Available in all sizes at 

extra cost over conventional belting. Bram 


mer Corp, 486 Broadway, New York 13 
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SS Ld 
iil | 
\ 
4 


x WL 
ur - Testes =| mt 


Poppet check valve .. . 


for #-, 4- and #@-in. tubing can be used in 


instrument, 
obtain 


and control line 
flow. Can also 


lines to prev 


proc ess 
unidirectional 


nt syst 


used in fiuid-servicc 


contamination and equipment damag: 


event of accident. Turbulence ring 


provide dyt stability and rap 


ff. Turbulence 


Malti 
action floats poppet 
n body to eliminate sticking hatt 
usually caused by metal-to-metal 
Buna-N seal form 
rms body seal. In-lis 
with tube fitting 


and < 
ing 
non 
lso fe 


ombined 


; 


onner ron 
asures 32 in. long. Available in 
Nuclear 
Cleve 


ind m«¢ 
and bras 


Rd, 


ype 316 stainless steel 


Products Co, 15635 Saranac 
land 10. 
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Self- wining bearing lubricant 
idditiv 


nvoiving I 


lizes extt 


ind 


i] r mineral oil. Perma 
5319 E Outer Dr, Detroit 34 
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wick Co 


te ae type cle-controt verve 


a) u ba n 


Hoffman 


Valves, 2360 W Dorothy Dayton 
39. Ohio. 
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Lane, 


Digital position indicator . . 


mount d hig! | Ga 





COMPONENTS * MATERIALS + PROCESSES 


. continued 


ratio. Counter is driven through selsyns 
by motion of lead screw. Measures and 
reads to 0.001 in. or 0.000,01 in. Durant 
Mfg Co, 1938-PS N Buffum St, Milwau- 
kee 1, 
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Tension bushes . . . 
with straight, arrow or slanted slot along 
entire lengths are made from special heat 
treated spring steel with high elasticity and 
wear resistance. Chamfered ends facilitate 
insertion, Compressing as bush enters 
Spring steel exerts pressure on wall of hol« 
Particularly suited for oscillating or low 
rpm bearing applications where there is 
considerable wear and where little lubrica- 
tion is possible. ‘Available in various 
lengths and diameters. John Gillen Co, 
Cicero 50, Til. 
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Heavy-duty pillow blocks . . . 
with self-aligning roller bearings in split 
housings are available in 143 sizes. Offered 
with two bolts clamping cap to base or 
with heavier castings and four cap bolts 
All sizes are available with straight-bore 
bearings for shouldered shaft mounting or 
with adapter bearings suitable for mount 
ing on straight commercial shafting. Hous 
ing seats are machined to bearing widths 
plus # in. This permits pillow block to be 
used as floating unit or, with standard 
é-in.-wide stabilizing ring in place, as fixed 
pillow block. Bearings are reported to have 
high radial and thrust-load capacities and 
low torque. Housings accommodate grease 
or oil-bath lubrication and are adaptable 
to circulating or oil-air mist systems. Tor- 
rington Co, Bantam Bearings Div, South 
Bend 21, Ind. 
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Bistable switching device . . . 

1S reported to retain properties over w ide 
range of ambient and bias conditions. In 
structure, the silicon NPN tetrode binistor 
resembles a four-layer switch. Output cur- 
rent is taken from intermediate layer and 
upper junction serves only as latch, rather 
than lock, to hold device on when in 
conducting state. Collector, emitter and 
base of binistor are used in same manner 


56 


as a normal transistor 
duces two transistors, seven resistors, two 
capacitors, two diodes and 28 solder con 
nections employed by typical flip-flop to 
one binistor, three resistors and 10 solder 
connections. Reported to be compatible 
with present circuitry. Binistors have been 
operated successfully from —112 to 482 
F; however, max temperature limits are 


Binistor stage re- 


said to be determined more by storage 
life degradation than by characteristics or 
parameters. Speed of commercial binistor 
now available is currently slower than high 
frequency transistors, but is said to bx 
adequate for general-purpose switching 
circuit requirements. Transitron Electronic 
Corp, Wakefield, Mass. 
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Toggle switches .. . 
said to meet MIL-S-3950A and MIL-S 
6745 specifications, incorporate barrier con 
figuration between terminals. Barrier de 
sign increases leakage paths and provides 
safety factor in event of loose connection 
Includes models for all common circuit 
characteristics based on double-pole, dou 
ble-throw or single-throw configurations, 
including momentary close or open func 
tions. Kulka Electric Corp, 633-643 S 
Fulton Ave, Mt Vernon, NY. 

Circle 316 on Reader Service Card 


Fiberglass screws and nuts... 
are molded and machined 34-20 units 
Made from glass fabric preimpregnated 
with phenolic resin. Suitable for low 
pressure molding as well as high-pressuré 
laminating. Coast Mfg & Supply Co, 
Livermore, Calif. 
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Digital readout . . . 

uses electromagnetic stepping motor, 
which operates on pulses from predeter 
mined code. Number drum moves one 
position for each full ac cycle or de pulse 
received. When desired position is reached, 
brushes on number drum engage wafer 
switch, which, in turn, trips external halt 
ing relay. Code signals for unit include 
five-wire, 10-position code and four-digit 


excess-three binary code. Operates on 
Displays up to 11 chat 
acters Ope rating speed 1S proportiona! to 
input frequency. Display aperture meas 
ures # x vy in. or 1 x 44 in., depending 
on model. Sigma Instruments Inc, 80 Pearl 
St, South Braintree 85, Mass. 
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about 4 w max 


Control of ultralow flow .. . 
as low as 0.003 to zero Cv is said to b« 
possible linearly over stem travel of 
in. with angle pattern valves. At 500 
psi, valve can be throttled from 3 ccpm 
to 5 gpm. At lower pressures, valve is 
reported to deliver as little as 10 drops 
an hour. Pressure ratings are to 10,00' 
psi. Clog and vibration resistance ar 
obtained by restricting all flow to variable, 
triangle-shaped orifice. Flow seals at 
l'eflon, synthetic rubber or stainless steel 
One style gives visible orifice indication; 
air-diaphragm-actuated valves are available 
for 3-15 psi signal or 125-psi factory air 
Prices start at $42.50. Delivery, 10 days 
General-American Valve Co, PO Box 444, 
Corona Del Mar, Calif. 
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Irradiated polyolefin tubing ... 
und sleeving material heat shrinks in 
diameter to form tight bond, even over 
irregular shapes. Flame-retardant and thet 
mally stable, flexible tubing can be slipped 
over terminals, connectors, wire and cable, 
conduit and hose im its expanded form 
Longitudinal shrinkage is less than 10% 
Available in standard colors of black, red, 
white, blue and yellow in sizes from 0.348 
in. ID to 0.050 in. ID and in standard 
4-ft lengths. Sequoia Wire & Cable Co, 
Sub of Anaconda Wire & Cable Co, 25 
Broadway, New York 4. 
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High-temperature alloy .. . 

is said to offer ease of fabrication and 
to be moderately priced. Metal combines 
nickel, cobalt, chromium, molybdenum 
and iron. Test data said to indicate that 
alloy has high resistance to oxidation at 
up to 1900 F. Typical short-time ultimate 
strength of wrought sheet, 0.063 in. thick, 
is 121,100 psi at room temperature; 26,700 
psi at 1800 F. Alloy, which is not de- 


continued on page 58 
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ONE PART EPOXY RESIN ADHESIVE 


vy 


How fabricating with ScotcH-wewp: Structural 
Adhesives eliminated 100% inspection step 


100% = inspe 


requirements between 


Timing components now being fabricated with Scorcu- 
WELD Adhesive EC-1386 meet precise specifications. 
The Haydon Division, General Time Corp., Torrington, 
Conn., is using this one-part epoxy resin base adhesive to 
bond small pinion gears to rotor shafts in a sub-assembly 
timing gear operation. 

Prior to use of EC-1386, the parts were joined by brazing. 
But the high heat required affected the material hardness. 
It also produced shaft distortion, necessitating a 100% 
Inspection step. 

Then ScoTcH-wELD Adhesive EC-1386 was used. The 
high heat previously required was eliminated. With the 
end of this trouble source, shaft concentricity and material 


hardness were left unaffected, 


eliminated. Close tolerance 


and 


properties of 


gear were also eliminated 


sand assemblies resulted. 


the 


bec 


‘ 
a2USe Ol 


the adhesive. A sa\ ings of $56.37 


Company after company is discovering how to save n 


speed production and eliminate rejec 


WEI 


pD Structural Adhesiv 


in operations similar to y 


without obligation, write 


es in 


t} 
i¢ 


USI 


pricatior 


products. Perhaps these adhesives are at work rig 


ours. Find out! For free li 


head to: AC&S Division, 


St 


Paul 6, Minnesota. 


odayv o 


3M Ce 


my 


\ 


ADHESIVES, COATINGS AND SEALERS DIVISION 


TWUinnesora Jfininc anno ]fanuracturine company 4 


» «+ WHERE RESEARCH IS THE KEY TO 
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How to buy steel rings aaa + continued 


pendent on aging or special multistep heat 
treatments for high-temperature proper 
ties, is suitable for use where more com 
plex, precipation-hardening steels cause 
forming and welding difficulties. Avail 
able in sheet, plate, bar, wire and coated 
welding electrodes. Parts can also be 
produced in this alloy by sand, invest 
ment and resin shell-mold casting. Haynes 
Stellite Co, 270 Park Ave, New York 17. 
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Miniature panel light . . . 
mounts on exterior of instrument and con 
trol panels and provides controlled non 
glare illumination. By varying angled faces 
of internal prisms, exact pattern of illu 
mination is obtained. Available in 6-, 14- 
or 28-v models. About 3? in. over-all 
length. Glar-Ban Corp, 110 Glar-Ban 
Blvd, 3807 Harlem Rd, Buffalo 15. 
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cs Air bleeder valve .. . 


for hvdraulic circuits is installed at high 


est point in circuit, point at which ait 


plated ind in stainless steel on special 
rder Lenz Co, 3301 Klepinger Rd 
Dayton 1, Ohio. 
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os 
| accumulate Has only two metal parts 
little ones Irom 3 IN. up to 145 iN, | and utilizes no packings. Valves are avai 
able in range of popular sizes in cadmium 


consult with experienced maker 


Find out about his background experience manufacturing facil- 

ities .. . how close he can come to meeting your specifications what Synchro transmitter units .. . 

engineering assistance he can provide. offer wide selection of input ratios ter 
wccuracies of 5 to 0.01%, and 


put your plans in his hands me. Sepaty leew ex tenn postion 


r 
- . , information to remote location from cle 
When you have found this experienced, reliable supplier, send him your ; 
drawings. Give him complete details on materials, shape, tolerances you 


require, nature of application, and the performance you expect 


nical devices, such as industrial 
| systems, automatic machinery, and 


intenna pedestals. Units consist of either 


then let him assist you ne or two types synchro transmitter 
seared to a shaft at different ratios. Stand 


ird two-speed unit has one synchro geared 


1:1 and the other geared 36:1 in relation to 
shaft motion to be monitored. Scientific 
ance and economy. Atlanta Inc, 2162 Piedmont Rd, NE, 


"a _ - y . ey es o Atlanta 9. 
want more details? write for the I dgewater brochure, which describes our facili- Giniin SRG ct Henin Ganiien Gant 
ties, know-how, and range of sizes and shapes. 


If Edgewater is your choice, you will find that we will follow your speci- 
fications exactly. If required, we can furnish engineering assistance and 
suggest the material, shape and size to give you the ultimate in perform- 


High-current rectifier . . . 


; mercury and gas filled and withstands 

Edgewater Steel Company o | peak inverse volts This 10-amp 
tubc for control applications requiring 

P.O. Box 478 + Dept. PE « Pittsburgh 30, Pa. high-curre half 


half-wave rectifier (to 250 v 


continued on page 6( 


58 CIRCLE 58 ON READER SERVICE CARD PRODUCT ENGINEERING - AUGUST 22, 1960 

















Fafnir’s new “seal in a steel sandwich” stays 
put... resists push-in .. . improves protection! 





Notice the steel supports on both is further improved by the “baffle 

re PLYA-SEAL sides of the seal in this Fafnir ball action of the inner steel support, 

~ eae bearing. Notice, too, that the seal is and the lip-in-groove design of the 
AL held by clamping action from the seal itself. 


j 
rolled-in, firmly wedged supporting Fafnir ball bearings with new, 
[2> <2. members. “rolled-in,”’ nonremovable Plya- 


NEW “ROLLED-IN” FAFNIR 


This new Fafnir seal design is Seals are now available in a wide 
specifically engineered to prevent range of sizes and in Fafnir power 
seal push-in, and to assure positive transmission units. Write for com- 
anchoring of the sealinthe bearing. plete data. The Fafnir Bearing 
Strong clamping action secures Py ; ‘ ainaet ec ‘ ine sic » ‘ , low Rritai 
8 eaten Protection against contaminants is Company, New Britain, Conn, 


2, “Steel sandwich” provides rigid increased... lubricant is more effec- 


* seal support, prevents push-in 


3, Touen, Buna-N rubper-impreg tively locked in the bearing. Sealing 


* nated fabric Plya-Seal offers Kx 
best protection yet’ against ‘ 
contaminants, fumes, moisture sey 

cio 


BALL BEARINGS 
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STEWARD’S 
MAGNET 
FAMILY 


High Energy Product 


r-900 


ORIENTED 


CERAMIC 
PERMANENT 
MAGNET 


BH=3.5 x 106 G.Oe 


2000 Oe ar 


APPLICATIONS: 
LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 
PRODUCT AND COERCIVITY 
Look to D. M. Steward Manufacturing 


Company for all of your Ceramic 
Magnet requirements. 


Write for F-500 brochure to: 
D. M. STEWARD MFG. CO. 


3640 JERROME AVENUE 
CHATTANOOGA, TENNESSEE 


8900 G 
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Incorporates lug base, but is avail 
with bracket base for panel mount 
Other ratings include 

; filament current 
urrent, 


filament volt 
, 25 amp; peak anod 
120 amp and condensed mercury 
temperature limits of 40 to 212 | 
National Electronics Inc, Geneva, II. 
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Digital clock .. . 
rovidk 


digital time display, digit 


2-4 coded-output form and elay 
Filled-nylon piston wear rings 
ire offered in wide range of 
24 to 74 in. 


surement 
led « 


mimut 


with digita! ti 
utput 
s and 
off-th« \ lo pulses are 
said to hav 


standard 


lime is disp 
for use in heavy 


, from seconds Int 
hydraulic cylinder applications for 
road equipment. Material is 
xcellent resistance, ft 
lubrication and to be 
applications 

ported to be up to 350 | 
445 Main St, NY. ront panel pushbuttons. Din 


Circle 326 on Reader Service Card ons ate 17 x 7 x 12 


generated | 
wear require no 
use d as 


Service 


bearings i 2 or 24 
Resets t 


preset to anv 1 


1 

many rang¢ I suall\ 
Garlock Inc, cach time-digit can b 

Palmyra, I 


nh dee} Pr 


Computer-Measurements Co, 12970 
Bradley Ave, Svimar, Calif. 
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SOY 


Automatic drain trap... 

I air lines tv 
Automati 
oil as 
rate of 60 gy 

woft provided for periodic 
4-way pilot-operated valve... [" “Sou ras 
¢-in., five-ported air valve for sequencing a , 
ontrol 


} { mpressed 
g SS > * il nd it 
TEx em . lischarges ' and 

. 7 wt oll tl 


h discharge 


quipment 


idensate 


and residu 

are selfclean 

4% im. dia; weigh 

in. NPT. Price, 

: ; S from stock Perfecting Service 

valiant Chaag Por. * Co, Atando Ave, Charlotte 6, NC. 
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rust 
mot ind other 
Said to be 


ind 


u in. high x 
automat ap : = ' 
; lb vailable m 4 
itions capabie of over . 

D 

m 332 
ling 50 


Imitted to 


million 
both ends of 
nut rt Since 

resultant 


areas 
thrust 
| Conveyor belts are resistant . 
npact, fatigue, abra 
id Beltin 
ud to xa 
ove! d 
] ! ted t Dp | I star 
ngle-b] , 1 : | 
m. Alkon Products C: 
Tic 
200 Central Ave, Hawthorne, NJ. Be ; 2 a 
Circle 327 on Reader Service Card i ” ; oN e 
i raing 
Hose & Rubber 
Rubber Co, PO 


with n if 


ind iging 
ned operati orp 


Boston W oven 


Div, American Biltrite 
Reducing and relief valve . Box 1071. Boston 3. 
ial pressures of 4 psi wit! 


| t Circle 331 on Reader Service Card 
ivailable }-in 


pring-loaded diaphr 


in 4- and 


\a adjusta 


Magnetic alarm flowmeter . 
P ASU luid rate of flow and ind 
gm =with ibnormal high or low flows Ca 


made to activate warning light 
ind handwheel device and w 


ranges of 
Off 


ind 
rs molded neoprene diaph 
nylon insertion, pushrod for 


justment of relief featu 


xternal ad 


tart or stop | 

reduced pressures. Used rr contro t lypic al 

supply process or equipment requirin tandard I ile glass or meta 

mall capacity or small unit under t meter and 

3 ps! Thin veath proot 
r entire adjustable rang: Atlas \ , 

0, 280 South St, Newark 5, NJ. 
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pu my} ) 
for adjustment of 


; 


unit on 


: 

sensing system en 
. 
Controls pressures within 2 to 


extension 
nsion rod w 


tends up into 


housing 
Ive lat 
alive th en ipsula 
stain! 
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Technical-ities 
By Fred E. Graves 


Why cap screws 
instead of studs? 


Many types of products once 
fastened with studs are today 
assembled with cap screws. 
Why the change in preference? 

Studs show certain advan- 
tages in large diameters and in 
high temperature applications. 
But when it comes to smaller 
sizes used in tapped holes, de- 
signers and production people 
have found more advantages 
in cap screws, 


ASSEMBLY FACTORS 


In fastener selection for a 
given application, you have to 
consider production and assem- 
bly as well as joint strength. 

Obviously, studs require two 
wrenchings (first stud, then 
nut). Also, there’s a more ex- 
pensive close tolerance tapping 
job, since a stud takes an in- 
terference fit to stay tight and 
not withdraw. when nut is 
backed off. 

Cap screws require only a 
clearance fit. Used in a tapped 
casting, they can be repeatedly 
inserted and unscrewed with- 
out damage to threads. 


HOW NOT TO USE STUDS 


Studs are not meant to serve 
as dowels to locate and line up 
for fastening. To line up nu- 
merous studs and bring two 
pieces together raises assembly 
cost. Use dowel pins for align- 
ment and use cap screws for 
fastening to achieve greater 
economy, 








Screw develops high thread tension 
... and stays locked in place 


RBaW TENSILOCK screw, despite the friction of 
the toothed flange, develops 4000 pounds tension 
with on-torque of 240 inch-pounds 


Here is a locking fastener where the 
on-torque effort not only anchors 
the screw but also develops high 
preloading, or residual tension. 

Like high tensile cap screws, 
RB&W’s TENSILOCK* screws also 
give a high thread tension to torque 
ratio. But there’s one important dif- 
ference. The TENSILOCK fas- 
teners lock with teeth as well as 
high residual tension. 

RATCHET-LIKE LOCKING 
Carburized teeth on flange of this 
one-piece fastener are so angled as 
to afford easy torquing. They bite 

into the seating 
surface when fas- 
tener is fully tight- 
ened. A circular 
groove in the 
flange increases 
flexing action and 
enables flange to 
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An off-torque of 330 inch-pounds fails to break 
loose the grip of the teeth. Tensi.a is maintained 
by TENSILOCK screw 


maintain pressure on the imbedded 
teeth. To loosen a tightened TEN- 
SILOCK fastener thus takes much 
more effort than the on-torque. And 
it can be reused with little loss of 
this holding power. 
FRICTION STOPS SLIPPAGE 
The full clamping force exerted by 
these fasteners prevents slippage of 
the fastened members where lateral 
movement is possible because of 
large or eccentric holes. The posi- 
tive gripping enables them to stay 
tight even under conditions of 
severe vibration or cyclic tempera- 
ture fluctuations. RBaW TEN- 
SILOCK nuts also available. Russell, 
3urdsall & Ward Bolt and Nut Com- 
pany, Port Chester, New York. 
Trademark Pot. applied for 


Plants ot: Port Chester, N. Y.; Corcopolis, Pa.; 
Rock Falls, tll; Los Angeles, Calif. Additional 
soles offices at: Ardmore (Phila.), Pa., Pitts- 
burgh; Detroit; Chicago; Dalles; Son Francisco. 
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COMPONENTS + MATERIALS + PROCESSES 


. continued 
housing tube. Each unit contains magnet 
and hermetically sealed reed-type alarm 
switch, which activates high or low flow 
alarm or start-stop switch. When flow 
exceeds limits, magnet interrupts magnetic 
circuit within alarm switch caused by field 
of biasing magnet. This causes switch 
contacts to open and, in turn, opens or 
closes alarm circuit through relay. Schutte 
and Koerting Co, Instrument Div, Dept 
M-U, Cornwells Heights, Bucks County, 
Penna. 

Circle 332 on Reader Service Card 


Direct-reading, digital dial . . . 
combines turns-counting dial with internal 
illumination (red or white light) and 
choice of five standard color combinations. 
Counts from 000 through 999 in ten 
turns. Rotation is continuous for stand 
ard models. Numbers are displayed 
through sealed, one-piece lens with 1.5 
magnification. Over-all size is 1} in 
dia x 1} in. high. Numerals are x in 
high. Borg Equipment Div, Amphenol- 
Borg Electronics Corp, 120 S Main St, 
Janesville, Wis. 
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Transistorized de power 
supplies... 


with convection cooling are available in 


more than 30 standard designs in ratings 
with output voltages of 1.5 to 100 v 
Constant-watts circuit is reported to pro 
tect units against overloads, short circuits, 
misadjustments and high line voltage: 
Circuit measures both volts and currents 
When overload 
or fault occurs, supply is automatically 


dissipated in transistors 


turned off and recovery is instantaneous 
with no reset required after fault is re 
moved. Circuit resets itself. All ratings 
in standard line are for 115-v, single-phase, 
60-cps input with various voltage and 
Standard units are also 
furnished for 220-v input 


impere outputs 
Units consist 
basically of power transistors, silicon rec 
tifiers, alumalytic capacitors and _ three 
printed circuit boards 
from $350 to $1100 
Co, Schenectady 5. 
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Range in price 
General Electric 


Theory and Application 
of Mechanical Engineering 
Measurements 
MARK B MOORE. D Van Nostrand Co Inc, 
Princeton, NJ. 6 x 9, 296 pp. $6.75. 
Intended to stimulate and guide 
creative thinking by students in the 
mechanical engineering laboratory, 
this textbook emphasizes careful analy- 
sis and solution of problems rather 
than rigid adherence to test codes. 
The first sections of the text de- 
scribe the philosophy of measurement 
and some of the processes and error 
sources involved in any measurement. 
Each of the fundamental mechanical 
measurements is presented, along with 
typical instrumentation for making 
each measurement. Next discussed are 
some of the measurements that require 
two or more simultaneous instrument 
readings; this class of measurement in- 
cludes power, fluid flow, calorimetry. 


How to Chart Data 
PHIL CARROLL. McGraw-Hill Book Co Inc, 330 
W 42nd St, New York 36. 6 x 9, 260 pp. $7.50. 
Although this guide to charting is 
primarily for management-type charts, 
its principles could be easily applied 
to engineering problems. Six different 
chart forms are dealt with, their de- 
velopment shown in progressive iilus 
trations, and the general conditions for 
their use pointed up. Included is the 
use of charts to reach solution of prob- 
lems generally believed to be possible 
only through the use of operations re- 
search and computers. 


l-beams With Web Cutouts 

of Various Shapes 

WILL J WORLEY. WADC Technical Report 
56-330. Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 82 x 11, 
20 pp. 75¢. 

This report (full title: “The Effect 
of Inelastic Action on the Resistance 
to Various Types of Loads of Ductile 
Members Made from Various Classes 
of Metals—Part XI, Photoelastic Analy- 
sis of I-beams with Elliptic-type Cut- 
outs”) represents the conclusion of a 
study of the behavior of I-beams with 
various shapes of web cutouts. Pre- 
vious reports and references were con- 
cerned with the elastic and fully 
plastic deformation behavior and load 


carrying capacity of aluminum alloy 
I-beams; this report deals with the 
elastic stress distribution produced by 
various shapes of web cutouts in I 
beams 


Other Books of Interest 
The Merck Index 


Merck & Co Inc, Rahway, NJ. 74% x 10%, 
1641 pp. $12 


Names and other data on about 30,000 
chemicals and drugs. 


Professional Engineer's 
Examinations—Questions and 
Answers 

W S Lalonde Jr. McGraw-Hill Book Co Inc 
330 W 42nd St, New York 36. 5¥/ x 8%, 589 
pp. $7.50. 


Welded Steel Conveyor Pulleys 


Multiple V-Belt Drive & Mechanical Power 
Transmission Assn, 27 E Monroe St, Chicago 3 
82 x 11, 15 pp. $1. 

Recommended load ratings for standard pul 
leys. 


Applications of Elliptic Functions 


A G Greenhill. Dover Publications Inc, 180 
Varick St, New York 14. 5% x 8, 357 pp. 
$1.75. 


Unaltered paperback edition of original 
work first published in 1892. 


Algebras and Their Arithmetics 


L E Dickson. Dover Publications Inc, 180 
Varick St, New York 14. 5% x 8, 241 pp 
$1.35 


Unaltered paperback edition of original 
work first published in 1923. 


Temperature-conversion Tables 


PB 161354. W A Brodhecker. Office of Tech 
nical Services, Dept of Commerce, Washington 
DC. 8 x 10%2, 80 pp. $2.25. 


Mechanical- and Physical- 
property Data on Modified 12% 
Chromium Martensitic Stainless 
Sheet Steels for Airframe 
Applications 

PB 161165. Defense Metals Information Cen 
ter, Battelle Memoria! Institute, Columbus 1 
Ohio. Available from Office of Technical Serv 
ices, Dept of Commerce Washington DC. 81/2 
x 11, 10 pp. and indices, 50¢ 


Effect of Prior Creep on Short- 
time Mechanical Properties of 
17-7Ph Stainless Steel 


PB 161296. J V Gluck, J W Freemun. Office of 
Technical Services, Dept of Commerce, Wash- 
ington DC. 8% x 11, 82 pp. $2.25. 


Introduction to Atomic Energy 


W G Atkinson. John F Rider Publisher Inc, 116 
West 14th St, NYC. 6x 9, 76 pp. $1.35. 


continued on page 65 
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DODGE 


Para-flex 


FLEXIBLE CUSHION COUPLING 


THIS coupling “swallows up” shaft misplacements. It 
automatically compensates for end-float, parallel mis- 
alignment, angular misalignment or any combination 
of all three. Moreover, it cushions the stresses of shock 
loads. And it absorbs torsional vibration—reducing 
noise and protecting machinery from vibration’s de- 
structive forces. 


Here is a new type of performance—made possible 
by the development of a tire-like flexing element. Syn- 
thetic tension members, bonded together in rubber, 
give this element the stamina and dependability of 
modern, high-speed, high-load, shock-absorbing truck 
tires—and the ability to respond magically to all 
manner of changing shaft conditions. 


Para-flex takes minimum space on the shaft. Mount- 
ing is simplified through the use of standard Taper- 
Lock bushings—no reboring, no machining. Safety 
is promoted by flush design; there are no protruding 
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NEW! 
DIFFERENT! 





TAKES 
ANGULAR MISALIGNMENT 


TAKES 
PARALLEL MISALIGNMENT 


wap 


ABSORBS 
TORSIONAL VIBRATION 





TAKES 
END-FLOAT 











THE COUPLING WITH THE 4-WAY FLEX 


parts. No lubrication is required, no periodic inspec- 
tion. And since the flexible member is molded with a 
transverse split, it can be replaced without moving 
either the driver or driven machine. 


Para-flex Couplings are stocked by Dodge Distribu- 
tors in popular transmission sizes. They are available 
from factory stock in capacities up to 2000 hp at 1080 
rpm. Call your distributor for a coupling to make 
your own test. You'll witness something revolutionary! 
DODGE MANUFACTURING CORPORATION, 1200 Union, Mishawaka, ind. 


DODGE 


S 


of Mishawaka, Ind. 


CALL THE TRANSMISSIONEER — your local Dodge Distributor 
Factory trained by Dodge, he can give you valuable help on new, 
cost-saving methods. Look under ‘Dodge Transmissioneer’ in the 
white pages of your telephone directory, or in the yellow pages 
under “Power Transmission Machinery.” 
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DRAFTSMEN! 
ENG/INEERS! 
DESIGNERS! 


TA Standard 


TA *‘King-Size”’ Instrument Cases 
instrument Cases 20 PAGES 


4 PAGES 


Learn how TA’s new predesigned Instrument 
Cases solve your equipment housing problems 


SEND FOR YOUR FREE copies! 


THESE EXCLUSIVE FEATURES STANDARD WITH TA—SAVE YOU TIME AND COST 
1. Predesigned panel-iayouts for perfect fit INSTRUMENT MANUFACTURERS 


e€ selection of standard sizes and style If you make portable instruments 


e of standard handles, a equipment, you can't afford nor t 


panels, and other access tigate the TA line 


standard Cases inciude pane! gasket 


tected by air relief vaives 


and templates so y 


money by designing your 


Now Use New Sif] Teese, Feros 
NARMCO 
METLBOND 406.. 


today’s most advanced 
metal-jastening adhesive... 


CUTS FABRICATION COSTS 
MORE THAN 40 PER CENT! 


METLBOND 406 is a large-area, low-pressure dry adhe- 
sive material which completely eliminates screws, rivets, 


and spot-weld in the fabrication of electronic housings CUT % INCH STEEL 
With METLBOND 406, you can produce cabinets... racks ee PLATE EASILY AND IN 


.consoles...chassis faster and more efficiently. ABSOLUTE SAFETY 


Result: Greatly reduced labor and materials costs. 
with ne FENWAY 
— MODEL EHN 
« METLBOND 406 is a one-component adhesive which eavy uty 
bonds simiiar and dissimilar metals. 
* Its extremely high adhesive strength virtually eliminates N | RB B L EB ina 
warping and panel torque. : 


. pel oa Sy nce oh ee ~~ 24 The new, lightweight Fenway 4“ Nibbler 
* It produces clean, flush, completely sealed j ' cuts through 4" cold or hot rolled steel 
external joints—truly unitized construction j : plus 5/16” aluminum, quickly and easily. 
| ; Also cuts 8 gouge stainless. Its special 
Write for free literature | : design provides absolute safety to the op- 
~* ¢ erator and will cut without distortion to 
J material. Clean cutting action reduces need 
for grinding and buffing edges. Hos min- 
N A re M CO M AT E be | A LS ’ imum cutting radius of 8”. Weighs only 
20 ibs. SEND FOR COMPLETE SPECIFICA 
INTER vision of Narmco industries. in TIONS OR ASK FOR FREE DEMONSTRA 


Subsidiary of Telecomputing Corporatior TION IN YOUR AREA. 
600 Victoria Street, Costa Mesa, California 


Liberty 8-1144 « MAdison 6-7923 Other Fenway Nibblers are avail 
able for a variety of cutting jobs 
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" P ! 
oe OTHER MEMBERS OF THE TELECOMPUTING FAMILY ARE ..-help reduce costs as mucia 


FENWAY MACHINE CO., INC. 
3107 N. Broad St., Phila. 32, Pa. 


WHITTAKER c rv 
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DESIGN LITERATURE continued 


Materials Property Design Criteria 
for Metals, Part 8 


PB 161302. R J Favor, W P Achbach, H J 
Grover. Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 8144 x 22, 23 
pp, 75¢ 


Part 8—Creep behavior of selected materials 
in range of 1% net strain and 1000 hr 


ABSTRACTS 
FROM THE LITERATURE 


Organizing Technical Reports 


Discusses how to prepare to write 
technical reports and descriptions. In- 
cludes suggestions on_ illustrations, 
design of tables, headings, diagram 
matic arrangement of text (for such 
purposes as listing, detailed des¢ rip 
tion vriting stvle Includes exam 
ples 
“Design of Technical Documents,” F. Machon, 
D Napier & Son Lid Engineering Moterials 


and Design, July ‘60, Drury House, Russell St, 
London, WC 2, England 


Fluid-operated Stepless 
Transmissions 


\ review of this type f power! 
mission equipment that includes 
details of sizes, capacities, operating 
characteristics—largely about British 
products, but of interest for compara 
' 


tive reasons. A two-part articl 


Hydraulic Stepless Transmissions,” W. € 
Locke, Flight Refueling Lid. Engineering Mate 
rials and Design, June, July, ‘60, Drury House, 
Russell St, London, WC 2, England 


Mechanical Cams in 
Control Systems 


Author pleads case for wider 
of cams in control systems, emphasiz- 
ing their economy, simplicity, accur- 
acy and long service life. A capsule 
review of basic design principles is in- 
cluded. Step cams, cylindrical cams, 
Archimedes’ spiral cams, spiral-con 
tour cams, and cams as corrective de- 


covered in this two-4 


“Mechanical Control Cams,” H. A. Rothbart, 
City College of New York. Control Engi- 
neering, June ‘60, 330 W 42nd St, New 
York 36. 


Avoiding Stress Concentrations 
by Design 


Explains how correct component 
design can minimize stress that arises 
both during heat treatment and in 
subsequent service. Discusses such 
design details as fillets, holes, threads, 


continued on page 66 
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MVPB 


announces... 
3 new R's of 
instrument 
bearings 


Latest additions to the large, fast- 
growing MPB family are ultra-preci- 
sion R2, R3, and R4 instrument 
bearings. 


To their many familiar applications 
such as computers, servos, synchros, 
gyros and generators, MPB’s R Series 
bearings bring quieter performance, 
longer life and reduced friction — the 
results of MPB's advanced production 
techniques, thorough quality control 
and constant emphasis on precise, 
accurate bearing geometry. 


2 


Basic material for the R Series is 440C 
stainless steel. A new type ribbon re- 
tainer, for low uniform torque, is 
available, as are duplexed mountings 
and preloaded pairs. ABEC Class 7 
tolerances maintained in all types and 
sizes. Standard dimensions are 


Find out now how MPB bearings and 
technology can benefit your products 
Call your MPB Sales Engineer or write 
for information. Miniature Precision 
Bearings, Inc., 208 Precision Park 
Keene, N. H. 


MEBs Helps you 





perform miracles in miniaturization 
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Use this designers’ check-list for 


DESIGN LITERATURE . continued 


notches, radii, machining marks 
Special quenching methods for re- 
ducing internal stress are also 
described. 


song | 
Nf Uf) aA RR SO WN sign,” A'G. Gardner, Mechanical World and 


Engineering Review, June ‘60, 31 King St W 
}? T 3, Manchester, England. 


Construction, operation, advantages 


Performance-proven Grades to Solve and disadvantages, performance and 
a Wide Range of Design Problems 


applications of following types of 
drives are discussed and compared: 


onstant-voltage dc, adjustable-voltage 
CY SERIES -—Piain carbon graphite. Excellent for bear- ee ee 


| de m-g set, adjustable-voltage rectifier, 
ings, vanes, valves and other mechanical components. | itn cntel duis adelaniae on, 


MY SERIES - Metallized carbon graphite. Provides focner-p wemncester thyratron, 
extra-long life in difficult applications wherein operating | wound-rotor de-motor set. 


conditions are severe. |“Adjustable-speed Drives Match Modern 
| Process Needs,” Norman Peach, Assoc Editor, 


PY SERIES —Non-metallized carbon graphite. Spe- ae a 
cially treated for use in high pressure seals. 


EY SERIES — Provides exceptionally high-reliability in CATALOGS 
the presence of high temperatures (to 1000° F). AND BULLETINS 


| 

To obtain copies of literature described be- 
low, circle corresponding number on post 
card inside back cover. For those catalog 
and bulletins available only when requeste: 
on company letterhead, see page 69 





AUTOMATION COMPONENTS-—Cata 
log 60, 46 pp. Covers specifications, fea 
tures, special purposes and performance 
of automation components and entire as- 
sembly machines. With dimensional draw- 
ings, mounting diagrams and photos. Pre- 
cision Detroit Co, 20100 Sherwood, De 
troit 34 
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| ROTATING-SHAFT SEALS — Catalos 
| 660, 32 pp. Presents general operating 
ranges and limitations of various seals, as 
well as standard recommended sizes, in- 
| formation on construction and operating 
| features and application of specific seals 
Includes pictorial representation of inspe: 
| tion and testing facilities. Cartriseal Corp 
3515 W Touhy Ave, Lincolnwood, II! 
Self-lubricating Morganite possesses many different advan- Circle 351 on Reader Service Card 
Pendabie euabestilo aoe NUUENG® tere bGUN UNE OF GEARED Soteins 
en m i r ifi r r i ' a ‘ : 
from peerings in sealed mechonioms to electrical contacts ‘operating in WET-TYPE 1 ANTALL M CAPACI- 
extremes of temperature. TORS—Bulletin 6.100-5, 12 pp. Con 


A — tains specifications, performance charac 
Call or write for literature or recommendations on specific Es ¢ 


applications. Morganite sales engineers will be happy to explain the teristics, ratings, curves and application 
advantages of Morganite for use on original equipment or as replacement information on PP-type capacitors. Also 
parts in your maintenance projects. includes description of seal design and its 


advantages. Fansteel Metallurgical Corp, 
Rectifier-Capacitor Div, North Chicago 
“aaa .FOR OVER HALF A CENTURY Il 


INCORPOR ATED Circle 352 on Reader Service Card 


1 3306 48th Ave., Long Island City 1, New York 
In Canada: Morganite Canada Ltd., Toronto SPECIAL-PURPOSE CAPACITORS — 
Manufacturers of Fine Carbon Graphite Products including Mechanical Carbons, Motor and Generator Brushes, Carton Piles, | Catalog 42-407, 20 pp. Describes and 
Current Collectors and Electrical Contacts... Distributors of 99.7% Pure Al,0, Tubes, Crucibles and Crusilite Heating Elements continued on page 67 
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DESIGN LITERATURE continued 
illustrates special-purpose capacitors and 
gives electrical specifications and dimen 
sional drawings for cach type. Centralab, 
900 E Keefe Ave, Milwaukee | 

Circle 353 on Reader Service Card 


SPECIALTY STEELS—Brochure, 16 pp 
Describes various types of specialty steels 
and company facilities for product develop- 
ment and production. Includes saw steel 
and stainless steel analyses. Ingersoll Steel 
Div, Borg-Warner Corp, New Castle, Ind 

Circle 354 on Reader Service Card 


STAINLESS STEEL SERVICES—Bullc 
tin, 12 pp. Details manufacturing proce 
dures for stainless steel plate and related 
stainless steel products. Typical applica 
tions of materials are illustrated and de 
scribed. Tables show types of stainless 
steel plate available. G O Carlson Inc, 
Dept A, Thorndale, Penna 

Circle 355 on Reader Service Card 


SELECTING A FILTER—Booklet, 12 
pp. Flow curves show pressure drop based 
on various flows through various filter 
elements. Tells filter to 
achieve desired particle retention after 
considering viscosity of fluid and flow rat 
Rosaen Co, 1776 E Nine Mile Rd, Hazel 
Park, Mich. 

Circle 356 on Reader Service Card 


how to select 


NYLON FASTENERS—Catalog, 10 pp 


ind quantity discount schedule. Features, 
various nvlon 
Nylogrip Prod- 


Watertown 72, 


dimensions and prices of 
fastenings and lockwashers 
ucts, 570 Pleasant St 


M iss 
Circle 357 on Reader Service Card 


INFRARED RADIATION’ REFER- 
ENCE SOURCES-—Bulletin 11-01 


(,ives < 


_o PP 
omprehensive outline of historical 
development and scientific 
black-body infrared 


present-day design 


principles of 
radiators. Discusses 
considerations. Gives 
specifications of line of infrared sources 
Barnes Engineering Co, 30 Commerce Rd 
Stamford, Conn 
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MOLDED CABLE 
log M-701, 


ASSEMBLIES—Cata 
4 pp. Lists engineering con 
sideration, design features and special as 
semblies for industrial electronics field 
Illustrates most commonly used cables as 
semblies. Switchcraft, 5555 N Elston Ave, 
Chicago 30 


Circle 359 on Reader Service Card 


RELAYS—Two data sheets, 2 pp each, 
and bulletin ARSP-8, 4 pp. Data sheets 
cover specifications and dimensions of 
crystal can-size relay conforming to MS- 
24250-6 and MIL-R-25018; and specifica 
tions and prices of miniature crystal can 


continued on page 69 
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APPLIANCE TIMER GEAR MADE 
IN ONE STEP INSTEAD OF 5 


with tiny GRC 
zinc die casting 


This mutilated gear, cam and bushing combina- 
tion for an electrical appliance timer formerly 
required two stampings, a screw machined part 
and two assemblies. Die cast by GRC in one 
automatic operation reduced cost by 66%, and 
made a superior product. Closer tolerances and 
greater uniformity were achieved by casting in 
one piece. Units were ready to use as cast, 
with no secondary operations, no scrap loss. 
Another demonstration of the production econ- 
omies and wide design latitude Gries’ exclusive 
methods have made possible. Only the GRC 
Method gives such complete 
design freedom for 
precision parts. 


small 


NO MINIMUM SIZE! 
Maximum Sizes: 134 


Write today for samples, prices and fact filled bulletin 


Send prints for quotations. 


long, V2 oz 


Shown actual size 


———— 





I. As previously made: 5 steps 


anni tine tenet 


Cast by GRC in 4 
‘ 1-pc.—automatically 











i. 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings (Z a Pn. T 
159 Beechwood Ave., New Rochelle, N. Y., NEw Rochelle 3-8600 wwrtien 
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new Maximum Performance cear ume 





Speeds to 2800 RPM 


Temperatures to 250° F 
with min. 55 SSU 


Pressures to 2250 PSI 
continuous 


Flow rates to 60 GPM 


e Designed for operation at mobile equip- 
ment engine speeds 

e Can be direct-connected, gear driven 
or belt driven 

« Conforms to SAE standards 


Berr 


HYDRAULICS 


A DIVISION OF Tre 

















RATION 





» 


BERRY/DOWTY 


GPA3 Series 


MAIL FOR COMPLETE DATA 
Berry Hydraulics 
Corinth 1, Miss 


Name 


Company 
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DIAPHRAGM OF REEVECOTE 


WITHSTANDS 


23,520 LB. 


THRUST 


IN SAFETY TEST 


- “Vy 
4, =A ~~ 
ORM w= 
Safety tests for gas regulator diaphragms are run by Reynolds on this device 


fed by a hydraulic pump. Here, on an effective area of 24 sq. in., a Reevecote 
synthetic diaphragm safely absorbed a total thrust of 23,520 lbs. 


The Reynolds Gas Regulator Co., of Anderson, Ind., 
takes unusual safety precautions to check the tensile 
strength of diaphragms in their gas regulators. 

Some of their diaphragms must absorb sudden 
surges in pressure—up to 1000 psi. That’s why 
Reynolds runs special safety tests on the diaphragms. 

The results of these tests prove the outstanding 
superiority of diaphragms made of Reevecote. 

In a recent test at Reynolds, Reevecote 7270, 0.093” 
gauge a Buna-N coated nylon, successfully withstood 
980 psi on an effective diameter of 24 sq. in.—or a 
total thrust of 23,520 pounds. 

Reevecote diaphragms are flexible and sensitive, 
yet tough enough to stand up safely under severe 
extremes of pressure. 


If your design calls for the use of diaphragms, or 
coated fabrics—choose from the most complete source 
of coated fabrics 
for indutry— REEVES VULCAN 
R E E V E C O T Ki . Reeves Brothers, Inc., Vulcan Rubber Products Division 
1071 Avenue of the Americas - New York 18, New York 
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... for finer regulation of water, oil or gas 


First needle valve to combine all the characteristics called 
for in modern industry. Embodies sturdiest basic construc- 
tion—machined from solid bar stock—suitable for pressures 
to 10,000 psi and equally efficient in lower range. Note 

stem guide fused to body by new 

“Conoweld” process, eliminating 
faults of conventional two-piece 
valves. Stem 416 stainless steel. Stem 
threads fine pitch for strength and 
micrometer regulation. Body electro- 
zinc plated. Sizes 4%" to 1", globe and 
angle patterns. 


Ask for new Needle Valve Catalog 


MARSH INSTRUMENT COMPANY 
Division of Colorado Oil and Ges Corporation. Opt. 39, Skokie, il. 
Marsh instrument & Valve Co. (Canada) Ltd. 8407 03rd Street, Edmonton, Alberta, Canads 
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USE 
THE 
READERS 
SERVICE 
CARD 


for: 
additional product 


information 


copies of catalogs 


& bulletins 
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DESIGN LITERATURE ynt 


nued 


size relays, transistor can-size relays and 


miniature rotary relays, all hermetically 
sealed military units. Bulletin illustrates 
and lists over 115 relays available from 
stock. Elgin National Watch Co, Ele 
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business... the short 
distance from the 
middle to the top 


Companies are still canvassing col- 
leges like crazy for bright young 
engineers and technologists . . . 

But what about the man with 
ten or more years invested in his 
company? Here he is, ready to take 
on heavier responsibility. How 
much longer must he wait? 

Upstairs in his company, man- 
agement will tell you their biggest 
job is finding new top talent. And 
what they are seeking most in a 
man is something more than just 
his proficiency in his post. 

They're seeking an alertness to 
all phases of the business... long 
range planning, policy-making, new 
product development and research 
... breadth as well as depth. 

The men who edit this particular 
McGraw-Hill publication for you, 
recognized this responsibility long 
ago. They answer it in these pages. 
Here, is the perspective you need 
to push ahead. And as you read, 
keep reaching, for... 

Men who read more...earn more! 
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WHAT HAPPENS 


WHEN 


A NATION 


SPENDS MORE 
ON GAMBLING 
THAN IT SPENDS FOR 
HIGHER EDUCATION ? 


If you can find any Romans around, ask them. They lived 
pretty high on the hog in their day. That is, until some 
serious-minded neighbors from up North moved in. The 
rest is ancient history. 


You'd think their fate would have taught us a lesson. 


Yet today we Americans spend twenty billion dollars a 
year for legalized gambling, while we spend a niggardly 
four-and-a-half billion for higher education. Think of 
it! Over four times as much! We also spend six-and-a- 
half billion dollars a year for tobacco, nine billion dol- 
lars for alcoholic beverages, and billions more on other 


non-essentials. 
Can't we read the handwriting on the wall ? 


Our very survival depends on the ability of our colleges 
and universities to continue to turn out thinking men 
and women. Yet today many of these fine institutions are 
hard put to make ends meet. Faculty salaries, generally, 
are so low that qualified teachers are leaving the campus 
in alarming numbers for better-paying jobs elsewhere. 


2% Sponsored as a public service 


In the face of this frightening trend, experts estimate 
that by 1970 college applications will have doubled. 

If we are to keep our place among the leading nations of 
the world, we must do something about this grim situa- 
tion before it is too late. The tuition usually paid by a 
college student covers less than half the actual cost of 
his education. The balance must somehow be made up 
by the institution. To meet this deficit even the most 
heavily endowed colleges and universities have to de- 
pend upon the generosity of alumni and public spirited 
citizens. In other words, they depend upon you. 

For the sake of our country and our children, won't you 
do your part? Support the college of your choice today. 
Help it to prepare to meet the challenge of tomorrow. The 
rewards will be greater than you think. 





It’s important for you to know what the impending college crisis 
means to you. Write for a free booklet to HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, New York. 


- HIGHER EDUCATION 


in co-operation with The Council for Financial Aid to Education 


od 


KEEP IT BRIGHT 
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Better bearings begin here in the newly constructed laboratories of Bound 


Brook’s Research and Development Division. Here, with new facilities and 


modern equipment, Bound Brook’s highly specialized talents create new 
bearing materials, help you develop new product applications. Here, Bound 
Brook engineers employ unique test equipment to duplicate any conditions, 
service-test your bearings before they’re put in production. If you want to 
turn your problems into new ideas, new designs, new bearing applications 
... turn to Bound Brook! 


BOUND BROOK 


Bound Brook Oil-less Bearing Co., Bound Brook, N. J. 
Pioneer in Powder Metallurgy Bearings and Parts. 


Plants at Bound Brook, N.J. and Sturgis, Mich. 





Jo assure product superiority 
leading manufacturers specify 


piroid 


gears 


@ increased efficiency 

@ more power in less space 
@ positive backlash control 
@ exceptional accuracy 

@ ratios from 9:1 to 300:1 


These are only a few of the hundreds of proved appli- 
cations utilizing the unique design and performance 
advantages of Spiroid gears. You may choose Spiroid 
gears in nylon, compacted metals, die-cast aluminum, 
bronze or hardened steel. They are available in ratios 
from 9:1 to 300:1 and range in size from gears for 
compact portable can openers to gears for the huge 
screw jacks in the world's largest wind tunnel. Spiroid 
gears cost from as little as 35¢ a set to as much as 
$4000 a set depending on their size, material, strength 
and accuracy requirements; each serves a specific 
need as economically as possible. 

To get the full story of Spiroid gear strength, shock 
resistance, space and weight savings as well as their 
manufacturing and assembly versatility, send for your 
free file, “Low cost design begins with Spiroid's 
family of modern gears."' Booklets on Planoid® and 
Helicon® gears will be included. 


On-the-job proof at KEARNEY & TRECKER 


Spiroid gears are used to rotate each of the three lead screws controlling 
the axes of the Kearney and Trecker “Milwaukee-matic”, an automatic, 
tape controlled unit that can drill, bore and mill. Spiroid gears were 
selected because they can handle the required heavy torques at near zero 
backlash—a must for machine repeatability. 
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SPIROID DIVISION OF 
ILLINOIS TOOL WORKS 


2501 North Keeler Avenue, Chicago 39, Ill. 
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